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Methnd 1613 

Method 1613, Revision B 
Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope 

Dilution HRGC/HRMS 

1.0 Scope and Application 

1.1 This method is for determination of tetra- through octa-chlorinated dibenzo-,r>-clioxin~ 
(CDDs) and dibenz.ofurans (CDFs) in water. soil. sediment. sludge. tissue. and other 
sample matrices by high resolution gas chromatography/high resolu l ion mass 
spectrometry (HRGC/ HRMS) . The rnethutl is for use in EPA's data gathering and 
monitoring programs associated w ith the Clean Water Act. the Resou1·r.e Conservation 
and Recnve•·y Act. the Comprehensive Environmental Response. Compensation and 
Liability Act. and the Safe Drinking Water i\ct. The method is based on a r.omp ilalion 
of EPA, industry, cununercial laboratory. and academic methods (References 1-6). 

1.2 The seventeen 2,3.7,8-suhsritutecl CDDs/CDFs lis ted in Table I may be detennined by 
this method. Specifications are also provided for separate detem1ination of 
2,3, 7,8-tetrachloro-cl ihen?:o-,r>-cl ioxin (2,3, 7,8-TCD D) ar •d 2.3. 7 ,8-tetracltloro-ctibenzofuran 
(2,3.7.8-TCDF). 

1.3 The detection limits and quantltatlon levels In this method are usually dependent on the 
level of inter·fer·ences rather than instnnnent~ l limitations. The minimum levels (MLs) 
in Table 2 are the levels at which the CDDs/CDPs can be determined with no 
interferences present. The Method Detection Limit (MDL) for· 2,3,7.8-TC:DD has iJ.,en 
determined as 4.4 pg/L (parts-per-quadrillion) using this method. 

1.4 T he GC/MS portions of this method are for use only by analysts experienced with 
HRGC/HRMS or uncler the close supervision of sur.h qualified pe1-sons. Each labor·atory 
that uses this method must demonstrate the ability to generate acceptable results using 
the procedure in Section 9.2. 

1.5 This method Is · performance-based". The analyst is pem1itted to modify the method to 
overcome interferences or lower lhP. cost of m;,asurernents, provided th~t <Oil performance 
criteria in this method are met. The requirements for establishing method equivalency 
are given in Section 9.1.2. 

1.6 Any modification of this method. beyond those expressly permitted. shall be considered 
a major modilk.ation subject to application and approval of alternate test procedures 
under 40 CPR 136.4 and 136.5. 

2.0 Summary of Method 

Flow charts that summarize procedures for sample preparation. extraction. and analysis 
are given in Figure 1 for aqueous and solid samples, Figure 2 for multi-phase sa rnples, 
and Figure 3 for tissue samples. 
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2.1 Extraction 

2.1.1 Aqueous samples (samples containing less than 1% solids)-Stahle isotopically 
labeled analogs of 15 of the 2,3.7,8-substituterl CDDs/CDFs are spiked Into a 1 L 
sample, and the sample is extracted by one of three procedures: 

2.1.1.1 Samples conta ining no visible particles are extracted with methylene 
chloride In a separatory funnel or by the solid-ph<~Se extraction technique 
summari<:ed in Section 2.1.1.3. The extract Is concentrated f{)l' deannp. 

2. I. 1.2 Samples containing visible particles are vacuum filtered through a gla.o;s
flber filter. The filter is extracteci in a Soxhlel/Dean-Stark (SDS) extractor 
(Referenee 7) . and the filtrate is extracted with methylene chloride in a 
separatory funnel. The methylene chloride extract is concentrated and 
combined with the SDS extract prior to cleanup. 

2.1.13 TI1e sample is vacuum filtered through a glass-fiber filter on top of a solid
phase extraction (SPE) disk. The filter and clisk are extracted in au SDS 
extractor. and the extract is concentrated for cleanup. 

2. 1.2 Solid. semi-solid. and multi-phase samples (but not tissue)-The labeled 
compounds arc spiked into a sample containing lll g (nry weight) of snlids. 
Sampl~.s contain ing multiple phases are pressure filtered and any aqueous liquid 
is discarded. Coarse solids are ground or homogenized. Any non-aqueous liquid 
frnm multi-phase samples is c:on1bined witl1 the solids and extracted in an SDS 
extractor. The extract Is concentrated for cleanup. 

2 .1.3 Fish and other Ussue-The sample Is extracted by one of two procedures: 

2.1.3.1 Soxhlet or SDS extraction-A 20 g aliquot of sample Is homogenized. and 
a 10 g aliquot is spiked with the labeled compounds. The sample is mixed 
with sodium sulfate. allowed lo dry for 12-24 hours. and extracted for 18-
24 hours using methylene chloride: hexane (1:1) in a Soxhlet extractor. The 
extrar.t L~ evaporated to ciryness, and the lipid comem is det.ermineci. 

2.1.3.2 HCI digestion-A 20 g aliquot is homogenized, and a 10 g aliquot. is 
placed in a bottle anti spiked with the labeled compounds. After 
equilibration, 200 mL of hydrochloric acid and 200 mL of methylene 
chloride:hexane (1:1) are added. and the bottle Is agitated for 12-24 hours. 
The extract is evaporated to dryness, and the lipid content is determined. 

2.2 After extraction. 31CJ,-Iabeled 2,3,7,8-TCDD Is added to each extract to measure the 
efficiency of the cleanup pi'Ocess. Sample cleanups may include back-t!xtr<lction with acid 
and/or base. and gel permeation. alumina. silica gel. Flortsll and activated carbon 
chromatography. High-performance liquid chromatography (HPLC) can be used for 
further isolation of the 2,3, 7,8-isomers 01' nther specillc isotners or congeners. Prior to the 
cleanup procedures cited above. tissue extracts are cleaned up using an anthropogenic 
isolation column. a batch silica gel adsorption, or sulfuric acid and base bar.k-exlrar.lion, 
depending on the tissue extraction procedure used. 
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2.3 After cleanup, the extract is <::c.mc~nlrdt~d to near dryness. Immediately prior to injection. 
int~mal standards are added to each extract and an aliquot of the extract is injected into 
the gas chromatograph. The ana lytes ar~ separat~d by the GC and detected by a high
resolution (;::10.000) mass spectrometer. Two exact m/z's are mnnitor·ed fur each analyte. 

2.4 An individual CDD/CDF Is identified by comparing the GC retention time and ion
abundance ratio of two ~xact m/z's with the corresponding retention time of an authentic: 
standard and the theoretical or acquired ion-abundance ratio of the two exact m/z's. The 
non-2,3. 7.8 substitut~d isomers and congeners are identified when retention times and 
ion-abundance ratios agree within predefined limits. Isomer spP.cifir;ity for 2.3.7.8-TCDD 
and 2.3.7.8-TCDF is achieved using GC columns that resolve these Isomers from the other 
tetra-Isomers. 

2.5 Quantitative analysis Is performed using selected ion current profile (SICP) areas, in one 
of three ways: 

2.5.1 For the 15 2.3.7.8-substituted CDDs/CDFs with labeled analogs (see Table 1). the 
GC/MS system is calibrated. and the concentration of each compound is 
rlet.ermined using the isotope dilution technique. 

2.5.2 For 1,2,3,7,&,9-HxCDD, OCDF. and the labeled compounds, the GC/MS system 
is calibrated and the concentration of each compound is determined using the 
internal st.anrlarrl technique. 

2.5.3 !'or non-2.3,7,8-substituted isomers and for all isomers at a given level nf 
chlorination (i.e .. total TCDD). concentrations are determined using response 
factors from calibration of the CDDs/CDFs at the same level of chlorination. 

2.6 The quality of the analysis is assured through reproducible calibration and testing of the 
extraction. cleanup. and GC/MS systems. 

3.0 Det1nitions 

Definitions are given in the glossary at th~ end of this method. 

4.0 Contamination and Interferences 

4.1 Solvents, reagents. glassware. anti other sample processing hard war" may yield artifacts 
and/ or elevated baselines causing misinterpretation of chromatograms (References 8-9). 
Specific selection of reagents and puritication of solvents by distillation in all-glass 
systems rnay be required . Where possible. reagents are cleaned by extraction or solvent 
rinse. 

4.2 Proper cleaning of glassware Is extremely Important, because glassware may not only 
contaminate the samples but may also remove the analytP-5 of interest by adsorvtiorr orr 
the glass surface. 

4.2.1 Glassware should be rinsed with solvent. and washed with a detergent solution 
as soon after use as is practical. Sonication of glassware containing a detergent 
solution for approxt.mately 30 seconds may aid in cleaning. Glassware with 
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removable parts, particularly separatory funnels with Ouurupolymer stopcocks. 
must he disassernuled prior to detergent washing. 

4.2.2 Afte•· detergent wash ing. glassware should be rinsed immediately. fk~t with 
methanol. then with hot tap water. The tap water ri nsP. is followed by another 
methanol rinse, then acetone. and then methylene chloride. 

4.2.3 Do not bake ··eusahle glassware in a11 oven as a routine part of cleaning. Baking 
may be warranted after particularly d irty samples are encoun tered but should be 
minimized, as repeated baking of glassware may cause active sites on the glass 
surface that will irreversibly adsorb CDDs/CJJFs. 

4.2.4 Immediately prior to use. the Soxhlet apparatus should he J11'e-extracted wi th 
toluene fur approximately three hours (see Sections 12.3.1 through 12.3.3). 
Separatory funnels should be shaken with methylene r.hiDI'iriP./tolnene 
(80120 mixture) for two minutes. drained. and then shaken with pure methylene 
chloride for two minutes. 

1.3 All materials used in the analysis shall be demonstrated to be free from interferences by 
running •·eferenr.e man·ix method blanks initia lly anrl with each sample batch (samples 
started through the extraction process on a given 12-hour shift. to a maximum of 20 
samples). 

4.3.1 The referenr.e matrix must simulate, as closely as possible, the sample matrix 
under test. Ideally. the reference matrix should not contain the CDDs/CDFs in 
detectable amounts, but should contain potential interferents in the concentrations 
expected to be found in the samples tu be analyzed. For example. a reference 
sample of human adipose tissue containing pemachloronaphthalene can be used 
w exe•·r.ise the cleanup systems when samples containing pentar.hlomnaphthalene 
are expected. 

4.3.2 When a reference matrix that simulates the sample matrix under test is not 
available, reagent water (Section 7.G. l) can be used to s imulate water samples: 
playground sand (Section 7.6.2) or white quartz sand (Section 7.3.2) can be used 
to simulate soils: fi lter paper (Section 7.6.3) can be used to simulate papers and 
Silllil~r materials; and corn oil (Section 7.6.4) can be used to simulate tissuP$. 

4.4 Interferences coextractcd from samples will vary considerably from source to source, 
depending on the diversity of the site being sampled. Interfering compounds may be 
present at concentrations several orders of magnitude higher than the CDDs/CDFs. The 
most f•·equently encountered interferences are chlolina ted biphenyls. methoxy biphenyls. 
hydroxydiphenyl ethers, benzylphenyl ethers. polynuclear aromatics. and pesticides. 
Because very low levels of CDDs/CDFs are meaStJJ'ed hy this method, the el imination 
of interferences is essentiaL The cleanup steps given In Section 13 can be used to reduce 
or eliminate these interferences and thereby permit reliable determination of 1 he 
CDDs/CDFs at the levels shown in Table 2. 

4.5 Each piece of reusable glassware should he numhe•·ed to associate that glassware w it h 
the processing of a particular sample. This will assist the laboratory in tracking possible 
sources of contamination for individual samples. identifying glassware associated with 
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highly contaminated samples tlun may require extra cleaning. and determining "hen 
glassware should be discarded. 

4.6 Cleanup of tissue-The natur.:ll lipid content of tissue can interfet e in the analysis of 
tissue samples for lhe CDDs/ CDFs. The lipicl contents of different species and portions 
of tissue r.an vaty witl~:<ly. Lipids are soluble to varying degrees in vn• inu~ organic 
solvents and may be present in sufficient quan ti ty to overwhelm the column 
chromatograph ic cleanup pro,edures used for cleanup of sample extract.s. Li p leis n1usl 
be removed by the lipid removal proced ures in SecU0 11 13.7. followed by a lumina 
(Sectio n 13.4) or Flmisil (Section 13.8). and carbon (Section 13.5) o.s minimum nrlclilional 
cleanup steps. If chlorodiphcnyl cthct:~ are deter.tecf, as i11tlkated by the p resence of 
peak.~ a1 the exactm/z's monitored for lhese lnterferents. alumina and/or Flnrisil cleanup 
must be employed to eliminate these Interferences. 

5.0 Safety 

5.1 The toxicity or carcinogenicity of each compound or reagent ul>ed in thi,. method has not 
been predsely determined: however. each chemical compound should be treated as a 
potential health hazard. Exposure to these compound• should be reduced to the lowest 
possible level. 

5.1.1 The 2.3.7.8-TCDD Isomer has been found to be acnegenlc. carcinogenic. and 
teratogenic in laboratory anima l studies. It is soluble in walet· In ~ppruximately 
200 ppl and in o rganic solven ts to 0.14%. On the basts of the available 
toxicological o.nd physical properties of 2,3,7,8-TCDD, all o f' thA 1.0 11.~/\.DFs 
should be h~ ntfl etl only by h ighly lr~inetl personnel thorou~o~hly familiar wllh 
handling and cautionary procedures and lhe associated risks. 

5.1.2 It is recommended !.hat the laboratory purchase dllute standard solutions of lhe 
analytes in this melhod. However, if primary solutions are prepared, they sli~ll 
he prep~retf in a louod. and a NTOSHIMESA approved toxic JOias respirator shall 
be worn when high concentrations are handled. 

5 2 Tl1e laboratory is responsible for maintaining a current awareness file of OSHA 
regulations regarding the safe hanclling of the chemicals sp~ifletl i11 this method. A 
,,.r,.rence file of material safety data sheets (MSDSs) should also be made available to all 
personnel Involved In lhese analyses. It is also suggested t11at the laboralnry perfon11 
personal hygiene monilo ,·ing of eado analyst who uses this method and that the results 
o f this monitoring be made available to lhe analyst. Additiona l informatio n o n 
labora tory safety can be found in RP.fercnces 10-13. The references ~ 11d bibliography a t 
the encl o f Reference 13 are particularly comprehensive In dealing w ith the genera l 
subject o f laboratory safety. 

5.~ Tl1e CDDs/CDFs and samples suspected to contain lhese compounds are h>111dled using 
essentially the same techniques employed in handling radioactive or illfe<:tlous matertals. 
Well-ventilated. controlled fl f e1'.!>S laboratories are required. Assistance In evaluating lhe 
health hazards of panlcular laboratoty conditions may he obtained from certain 
consulting laboratories and from Suue Departments of Heallh or Labor. many of which 
have an indusLrial health service. The CDDs/CDFs arc extremely toxic 10 lahor;uory 
animals. Each laboratory must develnp a strict safety prognun. for handling these 
compounds. The pr<tclices In References 2 and 14 are highly recommended. 
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5.3.1 Facility- When finely uivided samples (dusts. soils. dry chemicals) arc handled. 
all operations (Including removal of samples from sample containers. weighing. 
transferring. and rn ixing) should be performed In a glove box demonstrated to be 
leak tight or in a fume hood demonstrated to h~ve adequate air flow. Gross 
losses to the laboratory ventilation system must not be allowed. Handling of the 
dilute solutions normally used in analytir.al and animal work presents no 
inhalation hazards except in the case of an accident. 

5.3.2 Protective equipment-Disposable plastic gloves, apron or lab coat, safety glasses 
or mask, and a glove box or fume hood adequate for radioactive work should be 
used. During analytical operations that may give rise to aerosols or dusts, 
personnel should wear respirators equipped wil h activ<tted carbon filters. Eye 
protection equipment (preferably full face shields) must be worn while working 
with exposed samples or pul'e analytical standards. Latex gloves are commonly 
used to reduce exposure of the hands. When handling samples suspected or 
known to contain high concentrations of the CDDs/CDFs, !H1 additional set of 
gloves can also be worn beneath the latex gloves. 

5.3.3 Training-Workers must be trained in the proper method of removing 
contaminated gloves and clothing without contacti ng the exter·ior su rfaces. 

5.3.4 Personal hygiene- Hands and forearms should be washed thoroughly after each 
manipulation anti before breaks (coffee. lunch. and shift}. 

5.3.5 Confinement-Isolated work areas posted with signs. segregated glassware ant! 
tools, and plastic absorbent paper on bench tops will aid in confining 
<.:on larnination. 

5.3.6 Effiuent vapors-The effiuents of sarnple splitters from the gas clu·omatograph 
(CC) and from roughing pumps on the mass spectrometer (MS) should pass 
through either a column of activated charcoal or be bubbled through a trap 
containing oil or high-boiling alcohols to condense CDD/CDF vapors. 

5.3.7 Waste Handling-Good technique Includes minimizing contaminated waste. 
Plastic bag liners should be used in waste cans. j an itors and other personnel 
must be trained in the safe handling of waste. 

5.3.8 Decontamirraliou 

5.3.8.1 Decontamination of personnel-Use any mild soap with plerrr y of 
scrubbing action. 

5.3.8.2 Glassware. tools, ant! surfaces-Chlorothene NU Solvent is the least toxic 
solvent shown to be effective. Satisfactory cleaning may be accomplis heel 
by rinsing with Chlor·orhene, then washing with any detergent and water. 
If glassware is first rinsed with solvent. then the dish water may be 
disposed of in the sewer. Given the cost of dispos~l. it is prutlerrt to 
minimize solvent wastes. 

5.3.9 Laundry- Clothing known to be contaminated should be collected in plastic bags. 
Persons who convey the bags and launder the clothing should be advised of the 
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h~·l.<lrd and trained in proper hand ling. The clothing may be put into a washer 
without contact If the launderer knows of the poteruial problem. The washer 
should he run thmugh a cycle before being used again for other clothing. 

5.3.!0 Wipe tests-A useful 111ethod of determining cleanliness of work surfaces ~nd 
tools is to wipe the surface with a piece of filter paper. Extraction and analysis 
by GC with an electron capture detector (ECD) can achieve a limit of detection 
of 0.1 IJg per wipe; analysis using this method can achieve an even lower 
detection limit. Less than 0.1 llg per wipe indicates acceptable dean liness; 
anything higher warrant• further de~ning. More than 10 ~1g on a wipe constitutes 
an acute hazard and requires prompt cleaning before further usc of thP. 
equipment or work space, anrl inclic~ tes that unacCe!Jtable work practices have 
been employed. 

5.3.11 Table or wrist-action shaker- The use of a table or wrist-action shaker fnr 
extraction of tissues presents the possibil ity of breakage of the extrdction bottle 
and spillage of acid and flammable organic solvent. A secondary containment 
system amuncl the shaker is sugg~.stecl to prevent the spread of acid and solvents 
in the event of such a breakage. The speed and intensity of shaking action should 
also be adjusted to mini mi~e the possibility of breakage. 

6_0 Apparatus and Materials 

NOTE: Brand names, suppliers, and part numbers are for illuslriitiun pwpuses only and no 
endorsement Js Implied. EquJva/enc performance may be achieved using apparatus and materials 
other tlran llwse specified here. Meeting the performance requiremen/s of this method is the 
responsibility of the laboratory. 

6.1 Sampling Equipment for Discrete or Composite Sampling 

6.1.1 Sample bottiP.s and r.aps 

O<rob<r 1994 

6. 1.1.1 Liquid samples (waters, sludges and simila•· materials conl<tining 5% .solids 
or less)- Sample bottle. amber glass, 1.1 L minimum. with screw cap. 

6.1.1.2 Solid samples (soils. sediments. sludges. paper pulps. filter cake, compost. 
and similar materials that contain mort'! than 5% solids) - Sample bottle. 
wirle mouth, arnber glass. 500 mL minimum. 

6.1.1.3 If amber hotrles are not available. samples shall be protected from light. 

6.1.1.4 Bottle caps- Threaded to fit sample boules. Caps shall be lined with 
nuoropolymer. 

6.1.1.5 Cleaning 

6.1.1.5.1 Bottles are cletergent water washed, then solvent rinsed 
before use. 
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6.1.1.5.2 Liners are detergent water washed, rinsed wilh rt'agent 
water (Section 7.6.1) followed hy solvent. and baked at 
app1·nximat~ly 200"C for a minimum of I hour prior tu use. 

6.1.2 Compos lting cquipment-Aui0111~t i~ ur manual com positing system inc.orpor~ting 
glass containers cleaned per bottle cleaning pro•:~dure above. Only glass or 
lluoropolymer ruhing shall be used. If the sampler uses a pcristalric. pump, a 
minimum length of compressible silicone rubher tubing may be used In the pump 
only. Before use. the tubing ~llllll 1,.. thoroughly rinsed with methanol. follow~d 
by repeated rinsing with reagent water to minimize sam piP. l'(mtamination. An 
Integrating llow meter is u~ to collect proportional composite samples. 

6.2 Equipment for Glassware Cle<'lning- IAlburatory sink \\1th overhead fume hood. 

6.3 Equ ipment lor Safnple Prt'paration 

6.3.1 Laboratory fume hood uf ~uffident size to contain the sample preparation 
equipment listed below. 

6.3.2 Glove box (optional). 

6.3.3 Tissue homogenizer- VIr Tis Model 45 Macro homogenizer (American Scient ilk 
ProduCt$ H-3515, or equival~nl) with stainless steel Macro-shaft and Turbo·shear 
blade. 

6.3.4 Meat grinder- Hobart. or equivalent. with 3-5 mm holes In inner plate. 

6.3.5 Equipment for determining percent moisture 

6.3.5. I Own-Capable of maintaining a temperature of 110 :;;s•c. 

6.3.5.2 Dessic.aror. 

U.3.G l!alonccs 

6.3.G. I Analytical-Capable or weighing 0. I mg. 

6.3.62 Top loading- Capable ofweighlng 10 mg. 

6.4 Extraction Appardi\IS 

8 

U.4.1 Water sampiP.~ 

6.4.1.1 pH meter, with coc nhi n~l i<JII glass electrode. 

6.4.1.2 pll paper. wide range (Hydrion Pape1·s. o1· equ ivalent). 

6.4.1.3 Graduated cyUnder. I L capadty. 

6.4.1.4 liquid/ liquid extractlon-Separatory funnels. 250 mL. 500 mL. and 
2000 mL, with lluoropolymer stopcocks. 
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6.4.1.[1 So1id-ph~se extraction 

6.4.1 5.1 

6.4.1.5.2 

6.4.1.5.3 

6.4.1.5.4 

One liter filtrolion apparatus. including glass funnel. glass 
frit support, clamp, ad~prer. swpper. nitration flask. and 
vocuurn tul>ing (Figure 4). For wastewater samples, the 
apparatus should accept 90 or 144 mm <lis ks. For drinking 
water or other samples containing low solids. smaller disks 
may be used. 

Vacuum source capable of maintaining 25 in. Hg. ~fJnippetl 
with shutoff valve and vocuum gauge. 

Glass-fiber niter-Whatrnan GMF !50 (or equivalent) . 
I micron pore size, to fit tiitration app~ratus in 
Section 6.'1.1.5 .1. 

Solitl-phase extroclion disk containing octadecyl (C1.} 

bonded silica uniformly enmeshed in an inert 
matrix- Fisher Scientific 14-378F (or equivolent). to fit 
filtration apparatus in Section 6.4.1.5.1. 

6.4.2 Soxhlet/Dean-Stark (SDS) extractor (Figure 5)- For filters and solid/sludge 
srunples. 

6.4.2.1 Soxhlet-50 mrn ID. 200 rnL Cllpadty with 500 mL llosk (Cal-Glass 
LC-6900, or equivalent. except substitute 500 mL round-bottom flask for 
300 mL nat-bottom flask). 

6.4.2.2 Thimhle-43 x 123 to fit Soxhlet (Cal-Glass LG-6n01-122, or equiva lent) . 

6.4.23 Moisture trap-Dean Stark or Barret with fluoropolymer stopcock. to fit 
Soxhlet. 

6.4.2.4 Heating rnantle-Hemispherkal. to fi t 500 mL rountl-bottom Oosk 
(Cal-Class LC-8801-112, or equivalent). 

6.4.2.5 Variable transformer-Powerstat (or equivalent) , 110 volt. 10 amp. 

6.4.3 Apparatus for extraction of tissue. 

October 1994 

6.4.3.1 Bottle for extraction (if digestion/extraction using HCI is usetl)-
500-600 mL wide-mouth clear glass. with fluoropolymer-lincd cap. 

6.4.3.2 Bottle for back-eXiraction-100-200 mL narrow-mouth clear glass with 
fluoropolymer-lined cap. 

6.4.3.3 Mechanical shaker-Wrist-action or platform-type rotary shaker that 
produces vigorous agitation (Sybron Thermoly ne Morlel LE ·s;g Bill" 
rotator/shaker, or equivalent) . 
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6.4.3.4 Rack anachetl to shaker table to permit agitat ion of four to nine samples 
simultaneously. 

6.4.4 R~Hkers-100-500 ml. 

6.4.5 SpHi ul~s-Stainless steel. 

6.5 filtration Appardtus 

6.5.1 Pyrex glass wool Solvent~xtractcd by SDS for three hours minimum. 

NOTE: &Icing glass wool may cause active sites that will irreversibly adsorb CDDs!CDFs. 

6S2 Gl~~s funnel-125-250 ml. 

6.5.3 Glass-fiber filter paper- Whatman CFID (or cquivaiP.nl), to fit glass ftmnel In 
Section 6.5.2. 

6.5.4 Drying column-15-20 nun 10 Pyrex chromatographic column equipped with 
coarse-glass frtt or glass-wool plug. 

6.5.5 Buchner funnel- IS em. 

6.5.6 Glass-fiber filter paper- to fit Duchner funnel in Section 6.5.5. 

6.5.7 Fil1ra1ion nasks-1.5-2 .0 L. with s ide arm. 

6.5.8 Pr~ure filtration apparatus-Mllllpore YT30 142 HW. or equivalent 

6.6 Cento ifuge AppardniS 

6.6.1 Ccmrifuge-Capah!e of ov iHiioog 500 rnL centrifuge bottles or 15 ml centrifuge 
tubes at 5.000 rpm minimum. 

6.6.2 Centrifuge hniiiP..~-500 oool., with screw-caps. to fit centrifuge. 

6.6.3 Centrifuge tuhes- 12-15 onl., with "nw-<:aps. to fit centrifuge. 

6.7 Cleanup Apparatus 

/0 

6.7.1 Automated gel permeation chromatograph (Analytic;al Biochemical Labs. Inc. 
Coluonhia, MO. Model GPC Autoprep 1002. or equivalent). 

6.7.1.1 Column-600-700 onm long x 25 mm !D. packed with 70 g of SX-3 
Rio-beads (Bio-Rad Laboratories. Richmond. CA, or P.quiv~IP.nl). 

6.7.1.2 Syringe-tO mL. with Luer fitting. 

6.7.1.3 Syringe filter holder-stainless steeL and glass-fiber or fluoropolymcr 
filters (Gelman 4310. or equivalent). 
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6.7.1.4 UV detectors-254 nm. preparative or semi-prepao<t live flow cell (Isco. 
Inc., Type 6; Schmadtu. 5 111111 path length: Beckman i\l!cx 152W. 8 pL 
111icro-prep flow cell. 2 mm path: Pharmacia lJV -I. 3 nnn flow cell: LDC 
Milton-Roy UV -3. monl1nr # 1203; or equivalent). 

6. 7.2 Reverse-phase high-perform~ nr.P. liq u icl chromatograph. 

6.7.2.1 Column oven and deiPrlor-Perkin-Elmer Model LC 65T (or equivalem) 
operated at 0.02 AUFS at 235 nm. 

6.7 2.2 lnjector-Rheodyne 7120 (or equivalent) with 50 pl. 'Hnople loop. 

fi.7.2.3 Column-Two 6.2 mm x 250 mm Zorbax-ODS colum11s ill se.rie.:; (DuPont 
Instruments Division, Wilmingron. DE. o r toqulvalent). operated at so•c 
with 2.0 rrtL/ min methanol !socratic effluent. 

6. 7.2.4 Pump-Altex !lOA (or equ ivalent). 

6. 7.3 Pi 1>ets 

6.7.3.1 Oisposable. pasteur- ISO mm long x 5-mm ID (Fisher Scientific 13-678-GA, 
or equivalent). 

6.7.3.2 Disposable. serological 10 mL (6 mm IU). 

6. 7.4 Glass chromatographic columns 

6.7.4.1 150 mm long x 8-mm ID. (Kontes K-420155. or equivalent) with 
coarse-glass frit or glass-wool plug and 250 mL rP.'il'rvoir. 

6.7.4.2 200 mm long x 15 mm 10, with coarse-glas.~ foil or gla"-~·wool plug and 
250 mL re.storvoir. 

6.7.4.:1 300 mm long x 2!i 111111 10. with 300 mL rtoServoir and glass or 
fluoropolymer stopcock. 

6. 7.5 Stirring apparatus for batch ~lllca cleanup of tissue extracts. 

6.7.5.1 Mechanical slirreo-Conoing Model 320. or equivalent. 

6.7.5.2 Bonlc-500-GOO mL wide-mouth dP.ar glas.. 

6.7.6 Oven-For baking and s torage of adsorbents, capable of onainraining a consranl 
temperature (±5'C) in the range or 105-250'C. 

6.R Cunctonlratlun Apparatus 

6.8.1 Ro1ary evaporator-BuchJ/ Drinkman-Amcrican Scientlflc No. E5045-10 o r 
equivalent. equipped wil h a variable temperature water bath. 
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6.8.1.1 Vacuum source for rotary evaporator equipped with shut ofT valve ~~ the 
evaporator and vacuum gauge. 

6.8. L.2 A recirculating water pump and chiller· are rec;OIIIIIIt'lltled. as use of tap 
water for cooling the ev~porator wastes large volumes of water and ca11 
lead to Inconsistent performance as water re.mp~r11tures and pressures 
vary. 

6.8.1.3 Round-honom n"~k-100 mL and 500 mL or larger. with ground-glass 
fitting compatible with the rotary evaporator. 

6.8.2 Kutlema-Oanlsh (K-0) Concentrator 

6.8.2.1 Concentrator tube 10 mL. graduated (Kontcs K-570050-1025. or 
equivalent) wit h c<t ll lmttiull verified. Ground-glass stopper (size 19/22 
Joint) is used to prevent evaporation of extracts. 

6.8.2.2 Evaporation flask-500 mL (Kontes K-570001-0500. or equivalent). attached 
to concentrator tube with springs (Konl~ K-662750-00 12 or equivalent). 

6.8.2.3 Snyder column- Three-ball macro (Komes K-503000-0232, or equivalent ). 

6.8.2.4 Boiling chips 

6.8.2.4.1 

6.8.2.1.2 

Class or silicon carbide- Approximately 10/40 mesh, 
exlra~led with methylene chlorid1:1 and baked at 450"C for 
one hour minimum. 

Fluoropolymer (optional) Extracted with methylene 
chloride. 

6.8.2.5 Water bath- I Ieated. with concentric ring cover. capable of maintaining 
a rer11p~rHture within ,z•c. installed in a fume hood. 

6.8.3 Nitrogen blowdown apparatus-Equipped wirh water bath controlled in tht' 
n111ge of 30-so•c (N-Evap. Organomatlon Associates. Inc .. South Berlin, MA. or 
equivalent) , installed in a fume hood. 

6.8.4 Sample vials 

6.8.4.1 Amber glass-2-5 mL with fluoropolymer lined screw-cap. 

6.8.4.2 Class-0.3 mL, conical. with fluoropolymer-llned screw or crimp cap. 

6.9 Gas Chromatograph Shall have splii lr.s.q or on-column Injection port for cap illary 
column. temperature progr<~m with Isothermal hold. and shall meet all of tlr~ 
performance specifications in Section 10. 

6.9.1 CC column for CODs/COFs and for Isomer specificity for 2,3,7,8-TC:nn-60 +5 m 
lorrg x 0.32 :0.02 mm 10: 0.25 11m 5% phenyl. 94% methyl. 1% vinyl silicone 
bonded phase fused-silica capillary column O&W 013 5. or equivalent). 
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6.9.2 GC column for isomer specificity for 2.3.7.8-TCDF-30 ±5 m long x 0.32 ±0.02 111111 

ID, 0.25 (Jill bonded-phase fused silica capillary colullln (I&W DB-225. or 
equivalent). 

6. 10 Mass Spectrometer - 23-40 eV electo·on loilpact ionization. shall be capable o f repetiti vely 
selective ly muniloring 12 exact m/z's minimum at high r~sol utiun (~10.000) during a 
period of approximately one s~ond. and shall meet all of the performance spP.cilkalions 
in S...:liun I 0. 

G. I I GC/ MS lnlfofat-e-The mass spectrometer (MS} shall be interfaced to the GC ~'ttch that 
the end of the capillary column teo min~t~.s within I em of the ton source but docs not 
inteo·cept the elet1run or ion beams. 

G. l 2 Data Systeno-Capable of collecting, recording. and storing MS dam. 

7.0 Reagents and Standards 

7.1 pH Atljustonent and Back-Extraction 

7.1.1 Potasl>ium hydroxide-Dissolve 20 g reagent grade KOH in 100 mL l'f'jlgent \Vdter 

7.1.2 Sulfuric acid-Reagent grade (specific gravity 1.84}. 

7.1.3 Hyrlrnchloric add -Reagent grade. 6N. 

7.1.4 Sodium chlnricle-Rt>.<tgent gr-dd.,, prepare a t 5% (w/v} soluUon In reagent water. 

7.2 Solution Drying and Evapnralinn 

7.2.1 Solution drying-Sodium sulfate, reagent gracle, granul~r. ;mhydruus (Baker 3375. 
nr P.l'(uivalent). rinsed with methylene chloride (20 mL/ g}. baked at 400"C for one 
hour minimum. cooled in a dcssicator, and stored in a pre-dearlPd gla~ wule 
with scmw...-ap that prevent.s onulslure from entering. U. after heating. the sodium 
8ulfate develops a noticeable grayish cast (due to the presence of carbon in thP. 
crystal matrix). thai ha1d1 rlf ··~agent is nul 8uitable for use and should be 
dbGarded . Extraction with methylene chloride (as opposed to s imple rinsing) and 
baking at a lower temperature may produce sodium ~u l fate that i8 suitable for 
usc. 

7.2.2 Ttssue drying-Sodium sulfate, o't'8gent gr~de. powdered. treated and stored as 
above. 

7.2.3 Prcpurlticd nitrogen. 

7.3 Extnu:lion 

7.3.1 Solvents-Acetone. toluene. cyclohcxanc, hexane, methanol. methylene chloride. 
and nonane: distilled in gla<;.S, pestidde quality. lot-certtf!ed to be free of 
Interferences. 
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7 .3.2 White quartz sand. 60/70 mesh-For Soxhlet./De~n-Stark extraction (Aldrich 
Chemical. Cat. No. 27-437-9. or equivalent). Bake at 450' C for four hours 
minimum. 

7.4 GPC Calibration Solution Prepare a solution containing 300 mg/mL com oil. 15 mg/ mL 
his(2-P.rhylhexyl) r.>hthalate. 1.4 rng/ rnL pentachlorophenol. 0.1 mg/ mL perylene. and 0.5 
mg/ mL sulfur. 

7.5 Adsorbents for Sample Cleanup 

7 .5.1 Silica gel 

7.5.1.1 Activated silica gel- 100-200 mesh. Supelco 1-3651 (or equivalent), rin.~ed 
wilh methyl~n~ dtlorid~. baked at 180'C fur a minimum of one hour, 
cooled in a desstcator. and stored in a precleaned glass bottle with screw
cap that p revents moisture from entering. 

7.5. 1.2 Acid sili.ca gel (30% w/w)-Thoroughly mix 44.0 g of concentrated 
sulfuric acid with 100.0 g of activated silica gel in a clean container. Break 
up aggregates with a stining rod until a unifonll mixture is obtained. 
Store in a bottle with a fluoropolymer-l!ned screw-cap. 

7.5.1.3 Basic silica gel- Thoroughly mix 30 g of IN sodium hydroxide with 100 g 
of activated silica gel in a clean container. Break up aggregates w ith a 
stirring rod until a uniform mixture is obtained. Store in a bottle with a 
fluoropolymcr-lined screw-cap. 

7.5.1.4 Potassium silicate 

7.5.1.4.1 

7.5.1.4.2 

7.5.1.4.3 

7.5.1.4.4 

7.51.45 

Dissolve 56 g of high purity potassium hydroxide (Aldrich. 
or equiv~lenr) in 300 mL or meth~nol in a 7S0-1000 Ill I. n~ t· 
bottom flask. 

Add 100 g of silica gel and a stirring bar. and stir on a hot 
plate at 60-7o•c for one to two hours. 

Decant the liquid and rinse the potassium silicate twice 
with 100 mL portions of methanol. followed by a single 
Iinse with 100 mL of methylene chloride. 

Spread the ()Qtassi urn s ilicate on solvent-rinsed aluminum 
foil and dry for t\vo to four hours in a hood. 

Activate overnight at 200-25o•c. 

7.5 .2 Alumina- Either one of two types of alumina, acid or bi'lsic, may be used in the 
cleanup of sample extrdcts, provided that the laboratory can meet the 
performance specifications for the recovery of labeled compounds rlescl'ibed in 
Section 9.3. The same twe of alumina must be used for a ll samples. including 
those used to demonstrate initial precision and recovery (Section 9.2) and ongoing 
precision and recovery (Section 15.5). 
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7.5.2.1 Acid alumina- Supeku 19996-GC (or equivalent). 1\crivare by bP.ating to 
13o·c for a minimum of 12 hours. 

7.5.2.2 Basic alumina-Supelco 19941·6C (or equivalent). Ac"ivM~ by heating to 
soo•c for a minimum of 24 hours. Altencatively. activate by heating in a 
tube fumace at 650-?0o•c lmder an air flow rate of" approx imately 400 
cc/mtnute. Do not heat over 1oo•c. as this ~an lead to reduced capacity 
for retaining the analytes. Store at IJo•c In a covered flask. Use within 
five days of baking. 

7.5.3 Carbon 

7.5.3.1 Carbopak C- (Supelco I 0258. or equivalent). 

7.5.3.2 Cellte 545- (Supelco 2 0!99, or equivalent). 

7.5.3.3 Thoroughly mix 9.0 g Carbopak C and 41.0 g Celire 545 to produce an 
11!% w/w mixture. Aclivate the mixture at 13o•c for a minimum of 
six hours. Store In a dcsslcator. 

7.5.4 Anthropogenic isolation column- Pack the column in Section !i.7.4.3 from hollom 
to top with the following: 

7.5.1.1 2 g silica gel (Section 7.5.1.1). 

7.5.1.2 2 g potassium sUlcate (Section 7.5.1.4). 

7 5.4.3 2 g granular anhydrous sodium sulfate (Section 7.2. 1). 

7 5 4.4 10 g acid silica gel (Section 7.5.1.2). 

7.5.4.5 2 g granular anhy<.lrous sodium sulfate. 

7.5.5 Florlsll column 

7.5.5.1 Flortsll- 60·100 mesh. l'loridin Corp (or equivaiP.nt). Scoxlclet extract in 500 
g portions foe· 24 hours. 

7.5.5.2 Insert a glass wool plug into the tapered end of a graduated serological 
pipet (Section 6.7.3.2). Pack with 1.5 g (approx 2 mL) of Florisil topped 
with approx 1 mL of sodium sulfate (Section 7.2.1) and a glass wool plug. 

7.5.5.3 Activate in an oven at 130·150'C for a minimum or 24 hours and cool for 
30 minutes. Use wi t hill 90 minutes of cooling. 

7.6 Refec·enc:t Matrices-Matrices In which the CDDs/CDFs and ltrterfering compounds arc 
not detected by this method. 

7.6.1 RP.agem water-Bottled water purchased loc::aJJy. or prepared by passage through 
activated carbon. 
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7.6.2 High-solids ,·eference matrix-Playground sand or simila r mareriHI. Prep~r~d by 
extraction with methylene chloride and/ or baking at •150"C for a minimum of four 
hou rs. 

7.6.3 Paper reference matrix- C lass-fiber filter, Cehnan Type A, or equivalent. C11t 
paper to simulate the surface area of the paper sample being tested. 

7.6.4 Tissue reference matrix-Com or other vegetable oil. May be prepared by 
extraction with methylene chloride. 

7 .6.5 Othec matrices- This method may be verified on any ,·eferenc.e mat,·ix hy 
perfonning the tests given in Section 9.2. Ideally. the matrix should be free of the 
CDDs/ CDFs. but in no case shall the background level of the CDDs/CDFs in rhe 
reference matrix exceed three times the minimum levels in Table 2. If low 
background levels of the CDDs/CDfs are present in the reference matrix, the 
spike level of rhe analytes used in Sec.rion 9.2 should be increased to provide a 
spike-to-background ratio In the range of 1:1 to 5:1 (Reference IS). 

7.7 Standard Solutions-Purchased as solutions or mixtures with certification to their purity. 
concentration, and authenticity, 01' 1weparerl from rnatel'ials of known ptwiry ~nd 
composition. If the chemical purity is 98% or greater. the weight may be used w ithout 
correction to compute the concentration of the standard. When not heing used, standards 
are stored in the dark at room temperature in screw-j;apped vials with fluoropolymer
lined caps. A mark is placed on the vial at the level of' the solution so that snlvenl lnss 
by evaporation can be detected. If solvent loss has occurred. the solution should be 
replaced. 

7.8 Stock Solutions 

7.8.1 Preparation-Prepare in nonane per the steps below or purchase as dilute 
solutions (Cambridge Isotope Laboratories (CIL), Wohurn, MA, or P.f[lli valenr) . 
Observe the safety precautions in Section 5. and the recommendation in SeCllon 
5.1.2. 

7 .8.2 Dissolve an appropriate amount of assayed reference material in solvent. For 
example. weigh 1-2 mg of 2,3,7,8-TCDD 10 three significant figure.s in a 10 rnL 
gr·ound-glass-stoppered volumetric flask and fill tO the mark with nonane. i\fter 
the TCDD is completely dissolved. transfer the solution 10 a dean 15 tnL vial witlt 
nuompnlymer-lined cap. 

7.8.3 Stock standard so lutions should be chec.ked for signs of degradation prior to the 
preparation of calibrdtion or performance test standards. Reference standards that 
can be used to determine the accuracy of calibration standards are ~vailable from 
CIL and may he ava ilable from other vendors. 

7.9 PAR Stock Solution 

7.9.1 All CDDs/ CDFs- Using the solutions in Sec.tion 7.8. prepare the PAR sturk 
solution to contain the CDDs/CDFs at the concentrations shown in Table 3. When 
diluted. the solution will become the PAR (Section 7.14). 
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7.!!.2 If only 2,3,7.8-TCDO and 2.3.7.8-TCDF are to be determined. prepare the PAR 
stock solution to contain these compounds only. 

7.10 Labeled-Compound Spiking Solution 

7.10.1 All CDDs/CDFs-Fmm stock solutions, or from purchased mixtures. prepare this 
solution to contain the labeled compounds in nonane at the concen1r~tior~s shown 
in Table 3. This solution is dilurP.d wit h acetone prior to use (Section 7.10.3). 

7.10.2 If only 2,3,7,8-TCDD and 2,3,7,8-TCDF ar·e to be detennine<.l. prepare the labeled· 
compound solution to contain these compounds only. This solution is diluted 
with ar.etone prior to us" (S.,ction 7.10.3). 

7.10.3 Dilute a sufficient volume of the labeled compound solution (Section 7.10.1 or 
7.10.2) by a factor of 50 with acetone to prepare a diluted spik ing solu tion. Each 
sample requires 1.0 mL of the diluted solution. but no more solution should be 
prepared than can be used in one day. 

7.11 Cleanup Standard- Prepare "Cl1·2,3.7.8-TCDD in nonane at the concenuation shown in 
Table 3. The cleanup standard is added to all extracts prior to cleanup to measure the 
efficiency of the clcanu p process. 

7.12 Internal Standard(s) 

7.12.1 All CDDs/ CDI's-Prepare the internal standard solution to conta in '3C12-1,2.3.4· 
TCDD and "C12• 1.2.3.7 .8.9-HxCDD in nonane at the concentration shown in 
Table 3. 

7.12.2 If only 2,3,7,8-TCDD and 2.3.7,8-TCDF arc to be determined, prepare the inrernal 
star~tlard solution to contain 13C12-1.2.3.4-TCDD only. 

7.13 CRiihr'l'lt ion St8ndartls (CSI through CS5)-Cornbine the solutions in Sections 7.9 through 
7.12 to produce the five calibration solutions shown in Table 4 in nonanc. These solutions 
permit the relative response (labeled to native) and response factor to be measured as a 
function of concentration. The CS3 standard is used for calibration ver·ifir.Rt ion (VF.R). 
If only 2,3.7.8-TCDD and 2.3.7.8-TCDF are to be determined. combine the solutions 
appropriate to these compounds. 

7.14 Precision and Recovery (PAR) Standard- Used for determination of initial (Section 9.2) 
and ongoing (Section 15.5) precision and recovery. Dilute 10 pl. of the precision and 
recovery standard (Section 7.9.1 or 7.9.2) to 2.0 mL with acetone for each sample matrix 
for each sample batch. One mL each arc required for the hlank and OPR with each 
mauix in each barr.h. 

7.15 GC Retention Time Window Detin ing Solution and lsorner Specificity Test Standard
Used to define the beginning and ending retention times for the dioxin and furan isomccs 
and to demonstrate Isomer specificity of the GC columns employed for deternrirralion of 
2.3.7.8-TCDD and 2.3,7,8-TCDF. The standard must contain the compounds listed in 
Table 5 (CIL EDF-4006, or equivalent) . at a minimum. It is not necessary to monitor the 
window-defining compounds if only 2,3.7,8-TCDD and 2,3,7,8-TCDF are to be 
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determined. In this case. an isomcr-spccitlr.ity test staudard containing the most closely 
eluwl isomers listed in Table 5 (CIL EDF-•1033. or equivalent) may be used. 

7.16 QC Check Sample-A QC Check Sample should be obtained from a source in<iepP.ndent 
of the calibration standar<is. Ideally. this cl1eek s~mple would be a certified reference 
material containing the CDDs/CDFs in known concentrations in a sample matrix similar 
to the matrix un<ie1· test. 

7. I 7 Stability of Solutions-Standard solutions used fur quantitative purposes (Sections 7.9 
through 7.15) should be analyzed periodically. and should he assayed against reference 
s tandards (Section 7.8.3} before further use. 

8.0 Sample Collection, Preservation, Storage, and Holding Times 

8.1 Collect samples in amber glass containers following conventional sampling pr~clices 
{Reference 16). Aqueous samples that flow freely are collected in refrigerated bottles 
using automatic sampling equipment. Solid samples are collected as grab samples using 
wide-mouth Jars. 

8.2 Maintain aqueous samples in the dark at 0-4•c from the time of collection until receipt 
at the lahoratory. If residual chlMine is present in aqueous samples. add 80 mg sodium 
thiosulfate per Uter of water. EPA Methods 330.4 and 330.5 may be used to measure 
residual chlorine (Refe,·enr.e 17). II' sample pH is gre::~ter- than 9. ~djust to pH 7-9 with 
sulfuric acid. 

Maintain solid. semi-solid. oily. and mixed-phase samples in the dark at <4•c £rom the 
time of collection until receipt at the laboratory. 

Store aqueous s amples in the da rk ar 0-4•c. Store sol i.d . semi-solid. oily. mixed-phase. 
and tissue samples In the dark at <-JO•c. 

8.3 Fish and Tissue Samples 

R.~.l Fish m~y be deaned. ftlleted . or processed in other ways in the field. such that the 
laboratory may expect to receive whole fish. flsh fillets, or other tissuP.~ for 
analysis. 

8.3.2 Fish r.ollecte<i in the iield should be wrapped in aluminum foil , and must be 
maintained at a temperature less than 4•c from the time of collect inn until receipt 
at the laboratory. 

8.3.3 Samples must be frozen upon receipt at the labor~ tory and maintained in the dark 
at <-Jo·c until prepared. Maintain unused sample in the dark at <-to•c. 

8.4 Holding Times 

8.4.1 There are no demonstrated maximum holding limes associated with CDDs/CDFs 
in aqueous, solid, semi-solid. tissues. or other sample matrices. If stored in the 
dark at 0-4•C and preserved as given above (if ,·equired) . aqueous samples may 
be stored for up to one yea r. Similarly. if stored in the dark at <-JO•c. solid, 
semi-snlid. multi-phase: and tissue samples may be stored for up to one year. 
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8.4.2 Store sample extracts In the dark at <:-to·c until analyzed. rr stored in the dark 
at <:-!O"C. sample extracts may he sro,·erl fur up to one year. 

9.0 Quality Assurance/Quality Control 

n. I Ear.h labor·atory that uses this method is required to operate a formal quality assurance 
program (Reference 18). 111e minimum requirements of this program consist of an Initial 
demonstration of laboratory capability, analysis of samples spiked with labeled 
compounds to evaluate and document data quality. and analysis of standards and blanks 
as tests of continued performance. Laboratory perfom1ance is compa•·erl ro established 
performance critel'ia to determine if r.he results of analyses meet the performance 
charactelistics of the method. 

If the method Is to be applied to sample matrix other than water (e.g .. soils. t11ter cake, 
compost. tissue) the mnst appropl'iate alternate matlix (Sections 7.6.2 through 7.6.5) Is 
substituted for the reagent water matrix (Section 7.6.1) in all performance tests. 

9.1.1 The analyst shall make an initial demonstration of the ability to generate 
acceptable ae<.:uracy and precision with this method. This ability is established as 
described in Section 9.2. 

9.1.2 In recognition of advances that are occurring in analytical technology. and to 
allnw the analyst to overcome sample matlix interferences, the analyst is 
permitted certain options to improve separations or lower the costs of 
nrea»1.1rements. Th~se options include altenrale extraction. <:oncentration. cleanup 
procedures. and changes in columns and detectors. Alternate determinative 
techniques. such as the substitution of spectroscopic or immuno-assay teclmiques. 
and changes that degrade method performance. are not allowed. If an analytical 
tedtnique utl1er than the techniques sp.,cified in this method is ust:tl. that 
technique must have a specificity equal to or better than the specificity of the 
techniques io this method fM the analytes of inte•·esr. 

9.l.Z.l Each time a modification is made to this method, the analyst is required 
to repeal the procedure in Section 9.2. If the detection limit of the method 
will be affected by the change. the laboratory is required to demonstrate 
that the MDL (40 CFR Pa•·t 136. Appendix B) is lower than one-third the 
regulatory compliance level or one-third the ML in this method, whichever 
is higher. If calibration will be affected by tire change. the analyst must 
recalibrate the Instrument per Section I 0. 

9.1.2.2 The laboratory is required to maintain records of modifications made to 
this method. These records include the following, at a minimum: 

9.1.2.2.1 

9.1.2.2.2 

The names. titles. addresses, and telephone numbers of the 
analyst(s) who performed the analyses and ""·"Jifkalion. 
and or the quality control officer who witnessed and will 
verify the analyses and modifications. 

A listing of pollutant(s) measured, by name and CAS 
Registry number. 
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9.1.2.2.3 

9.1.2.2.4 

9 1.2.2.5 

A narrative stating reason(s) for th~ ruodlflc-.tlions. 

Resulrs from all quality control (QC) t~ts t-omparlng the 
modified method to this method. Including: 
a) Calibration (Section 10.5 tlrrou)!h 10.7). 
b) Calibration verification (Section 15.3). 
c) Initial predsion ~nd re<.:overy (Section 9.2). 
d) Labeled compound recovery (Seer ion n.3). 
c) Analysis of blanks (Set:lion 9.5). 
f) Accuracy assessment (Section 9.4). 

Data !hal will allow an independent rcviP.wer 1u validate 
each determination by rraciug th~ instrument output (peak 
height. area. or other signal) to the final rcsulr. These data 
arc to include: 
a) Sample numbers and other identifiers. 
b) I:Jctracrion dares. 
c) Analysis dates and times. 
d) Analysis sequence/run chnmulogy. 
e) Sample weight or volume (Sectlon 11). 
0 Extract volume prior to earh cl~a mrp step 

(Section 13). 
g) Extract volume after ~.ach cleanrrp ~lt<p (Section 13). 
h) Fin~l extract volume prior to Injection (Section 14). 
0 Injection volume (Section 14.:l). 
j) Dilution data. differentiating between dilution of a 

sample or extract (Section 17.5). 
k) lns lnnnent and operating conditions. 
I) Column (dimensions. liquid phase. solid support, 

mrn thickness. etc). 
m) Operating conditions (temperatures. temperature 

program, flow rates). 
n) Detector (type. operating conditions. etc). 
o) Chromatograms, prinrer tapes, and oth~r ri'Cllrdings 

of r.tw data. 
p) Quantitation reports. dat.a systP.m ourputs, ~nd 

IJI her data to link the raw data to the results 
reported. 

!l.l.~ Analyses of rnelhod blanks are requ ired to demonstrate freedom from 
contamination (Section 4.3). The procedures anrl cril eri" for ana lysis or" 111etbud 
blank are rlP$r;rib~tl in Sections 9.5 and 15.6. 

9. 1.4 The laboratory shall spike all sa111ples with labeled compounds to monitor 
method perforo1anr.e. This test Is described In Section 9.3. When rcsulrs of these 
spikes Indicate atypical method performance for samples. the ~rnples are diluted 
to bring method perfnro1ance within acceptable limits. Procedures for dilution 
are given in Sec.1ion 17 5 

9.1.5 The laboratory shall. on an ongoing basts. demonstrate through calibration 
verification and the analysis of the ongoing prcclsion and recovery aliquot that 
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the analytical syste" ' is in control. These procedures arc described in 
Sections 15.1 through 15.5. 

9.1.6 The laboratory shall maintain records to dctlne the qu~liry of data that is 
generated. Development of ac.cm·acy sraternent.s is described In Section 9.4. 

9.2 Initial Precision and Recove,·y (TPR)-To est~bl ish the ability to generate acceptable 
predsiun and recovery; the analyst shall perform the following operations. 

9.2.1 For low solids (aqueous) samples. extract, concentrate, and analyt.e four I L 
aliquor.~ of re~gent water spiked with the diluted labeled compound spiking 
solution (Section 7.10.3) and the precision and recoveoy standard (Section 7.14) 
acco•·ding to the procedures in Sections II through 18. For an alternative sample 
matrix. four aliquots of the alternative reference matrix (Sec.tion 7.6) are used. All 
s<'~mpl e processing steps that are to be used for processing samples. including 
preparation {Section II). extraction (Section 12). and cleanup (Section B). shall he 
inr.luded in tllis test. 

!l.2.2 Using l'esults of the set of foul' analyses. compute the average concentration (X) 
of the extracts in ng/ml and the standard deviation of the concentl'ation (s) in 
ng/mL for each compound. by isotope ctilution for CDDs/CDFs with a labeled 
analog, and by internal standard for 1.2,3.7.8.9-HxCDLJ. OCDF, and the labeled 
compounds. 

9.2.3 l'or each CDO/COF and labeled compound, cC:HHpare :; anti X with the 
corresponding limits for initial precision and recovery in Table 6. If only 2.3.7 .~
TCDD and 2,3.7,8-TCDF arc to be detcm1ined, compare s and X with 1.he 
corresponding limits for initial precision and recovery In Table 6a. If s and X for 
all compounds meet the acceptance criteria, system perfol'manc.e is acceptable a.m.! 
analysis of blanks and samples may begin. lf. however. any Individual s exceeds 
the precision limit or any individual X falls out~ide the range fol' accuo<tcy. system 
performance is unacceptable for that compound. Correct the problem and repeat 
the test {Section 9.2). 

9.~ The ll'lboratory shall spike all samples with the diluted labeled compound spiking 
solution (Section 7.10.3) to assess method performance on the sample matrix. 

9.3.1 Analyze each sample according to the procedures in Sections II through 18. 

9.3.2 Compute the percent recovery of the labeled compounds and the cleanup 
standard using the intemal standard methotl (Section 17.2) . 

9.3.3 The recovery of each labeled compound must be within the limits in Table 7 
when all 2,3,7,8._o;ubstituted CDDs/CDFs are determined. and within the limits in 
Table 7a when only 2,3,7,8-TCDD and 2.3,7,8-TCDF are detennined. Tf the 
recovery of any compound falls outside of these lirllits. method performance Is 
unacceptable for that compound in that sample. To overcome such difficulties, 
water samples are diluted and smaller amounts of soils, sludgPs, sediments , and 
other matrices arc reanalyzed per Section 18.4. 
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9.4 Recovery of labeled com po1111ds ft·om samples should be assessed and records should be 
maintained. 

9.4.1 After the analysis of five samples of a given matrix type (water, soil, sludge. pulp. 
etc.) for which the labeled compounds pass the tests in Section 9.3, compute the 
aventge percent recovery (R) and the standard deviation of the percent recovery 
(Sn) for the labeled compounds only. Express the assessment as a percent 
recovery interval from R-2~ to R+2~ for each matrix. For example. if R - 90% 
and S. = 10% for fi ve analyses of pulp. the recovery interval is expressed as 70-
110%. 

9.'1.2 Update the accuracy assessment for each labeled compound in e~r.h rn"tlix on a 
regular has is (e.g., after each 5-l 0 new measurements). 

9.5 Method Blanks- Reference matrix method blanks at·e analyzer! to rlernonslrate freedom 
frurn contamination (Section 4.3). 

9.5.1 Prepare. extract. clean up. and concentrate a method blank with each sample 
batch (samples of the same matrix started thmugh the extraction process on the 
same 12-hour shift. to a maximum of 20 samples). The matrix for the method 
blank shall be s imilar to sample m~t,·ix for the batch, e.g .. a l L reagent water 
blank (Section 7.6.1). high-solids reference matrix blank (Section 7.6.2) . paper 
matrix blank (Section 7.6.3); tissue blank (Section 7.6.4) nr alten tative reference 
mattix blank (Section 7.6.5) . Analyze the blank immediately after analysis of the 
OPR (Section 15.5) to demonstrate freedom from contamination. 

9.5.2 If any 2.3,7,8-substituted CDD/CDF (Table 1) is found in the blank at greater than 
the minimum level (Table 2) or one-third the regulatory compliance level, 
w hichever is greater: or if any potentially interfering compound is found in the 
hl~nk at the minimum level fur each level of chlorination given in Table 2 
(assuming a response factor of I relative to the "C,2-1.2.3.4-TCDD internal 
standard for compt1unds nnt listed in T~hle I}, analysis of samples is halted until 
the blank associated with the sample batch shows no evidence of contamination 
at this level. All samples must be associated with an uncontaminated method 
blank before the results fur those samples rnay be reported for regulatory 
compliance purposes. 

9.6 QC Check Sample-Analyze the QC Check Sample (Section 7.16) periodically to assure 
the accuracy of calibration standards and the overall t'eliability of the analytical process. 
I r is suggested that the QC Check Sample be analyze<! at least quarterly. 

9.7 The specifications container! in this method can be met if the apparatus used is calibrated 
prope..ty and then maintained in a calibrated state. The standards used for calibration 
(Section 10). calibration veritication (Section 15.3). and fur initial (Section 9.2) and ongoing 
(Section 15.5) precision and recovery should be identical, so that the most precise results 
will be obtJ:tined. A GC/MS Instrument will provide the most ,·eproducible rP.sults if 
dedicate<! to the settings and conrlit ions required for the analyses of CDDs/CDFs by this 
method. 
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9.8 Depending on specilk program r·equirementS. field replicates may be collected to 
determine the precision of the sampling technique. and spiked samples may hP. r·erprired 
to determinP. rhe ac.r:ur·acy or the analysis when the internal standard method Is used. 

10.0 Calibration 

I 0.1 Establish the operating conditions necessary to meet the minimum retention times for the 
internal standards in Section 10.2.4 and rhe relative r·etenl ion linres for the CDDs/CDFs 
irr Table 2. 

10.1.1 Suggested GC operating conditions: 

Injector temperature: 270'C 
Interface temperature: 29o•c 
Initial temperature: 200'C 
Initial time: Two minutes 
Temperature 200-220'C. at 5' C/rninute 
program: 

220'C for 16 rrrirru tes 
220-235' C. at 5'C/minute 
235'C: for seven minutes 
235-330' C. at 5'C/rntnute 

NOTE: All purtiam of tht calurrm that carme<·t the GC to the ion source shall remain at or above 
the interface temperature specified above during analysis to preclude condemation of Jess volarile 
com pou ntis. 

Optimize GC conditions for compound separation and sensitivity. Once 
nplimizr;d, the sarne GC r:onditinns must bP. uSP.d for the analysis of all standards, 
blanks, IPR and OPR aliquots. and samples. 

10.1.2 M~ss spectrometer (MS) resolution-Obtain~ selected ion etnTeol profile (SICP) 
of each analyte in Table 3 at the two exact m/z's specified in Table ll and ar 
<:10,000 resolving power by injecting an authentic st~nd~rd of the CDDs/ CDFs 
either singly or as part of a mixture in which there is no interference bct\veen 
dnsely eluted components. 

10.1.2.1 

Occr>her 1994 

The analysis time for CDDs/CDFs may excP.P.d rhe long-tP.r'm rnass 
stability of the mass spectrometer. Because the instrument is 
operated in the high-resolution mode, mass drills or a f~w ppm 
(e.g.. 5 ppm in mass) can have serious ~dverse effects on 
instrument performance. Therefore. a mass-drift correction is 
mandatory and a lock-mass m/z from PFK is used for drift 
r:orrecrion. The lock-mass m/z is dependent on the exact m/z's 
monitored within each descriptor, as shown in Table 8. Tire level 
of PFK metered into the HRMS during analyses should be adjusted 
so that the amplitude of the most intense selected lock-mass ml:t 
signal (regardless of the descriptnr nurnber) does not exceed 10% 
of the full-scale deflection for a given set of detector parameters. 
Under those conditions. sensitivity changes that nriglrt occur 
during the analysis can be more effectively monitored. 
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NOTE: Excessive PFK (or any orher l'l'ference substanct) may cause noise problems anrl 
contamination of the ion source necessitating increased frequency of SOIIrtl' dtamng. 

10.1.2.2 

10.1.2.3 

If the HRMS has the capability to monitor r-eo,ohotion during the 
analysis, it is Ar.rP.ptalJle to terminate the analysis when the 
resolution falls below 10.000 to save reanalysis tirrr~ . 

Using a PFK molecular leak. tune the instrumr.nt to 111eet the 
minimum r·cquirr.cl rP.~olving power of 10.000 (10% valley) a t m/z 
304.9821 (PFK) or any other reference signal rh~P. to 111 /z 304 
(from TCUr). For· r.ach riP.~r~riptor (TalJie 8). monitor and record 
the resolution and exact m/ z·s of three to tivc rr.fPr P.rlr.P. peak.s 
covering 1 he mas~ r~nge of the descriptor. The resolution must be 
greater than or equal to 10.000. and the deviation hetwi'Pn the 
exact m/z and the theoretical m/z (Table 8) for each exact m/ z 
monitored must be less than 5 ppm. 

10.2 lon Ahundance Ratios. Minimum Levels. Signal-to-Noise Ratios. and .1\bsolutc Retention 
Times-Choose an Injection volume of either I JlL or 2 !JL. consistent with the capability 
of rhe HRGC/HRMS instrwnenl Inject a I JlL or 2 JlL aliquot of the CSI calibration 
solution (fable 4) using the CC conditions from Section 10.1.1. If only 2,3.7.8-TCDD and 
2,3.7.8-TCDF are to IJ<l rletemrined. the operating conditions and speclftcattons below 
apply to analysts of those compounds o nly. 
10.2.1 Measure the SICP nmns for e~dr a n~lyte. and compute the lo n abundance ratios 

at the exact m/z's specified ln Table 8. Compare the computr.cl r·ntio ro thP. 
theoretica l ralin given in Tahle 9. 

l0.2. J.J 

10.2.1.2 

The exact m/z's to be monitorecl in P.ach descriptor are shown in 
Table 8. Each group or descriptor shall be monitored In succession 
as a function of CC retention time to ensure thAI flll cnn,; cr>F.s 
~re dett:eted . Additional m/z's may be monitored In each 
descriptor. and the m/z s may be divided among more than the 
five clesrrlptoN listPrl in Tahle 8. pmvided th~t the laboratory is 
able to monitor the m/z's of all the CDDs/CDFs that may clute 
from the CC In a given retention-time window. lf only 2.~.7.8-
TCOO and 2.3.7.8-TCDF are to be. determined. the descriptors may 
be modified to Include only the exact m/z·s for the tetra- and 
penta-isomcrs, the rliphenyl e thers. ~ nd the luck rn /z's. 

The mass spectrometer s hall be o per·a tell i11 a 111ass-drift correction 
rnod~. using perfluorokerosene (PFK) to provide lock m/ z·s. The 
lock-mass for each group of m/ z·s is shown in Table 8. F.ach lock 
mass sha ll be monitored and shall not vary by more than ±20% 
throughout Its respective retention time window. V<-rri~tions of the 
lock mass by mor·e than 20% indicate the presence of coeluting 
interfereuces that may signillcamly reduce the sensitivity of the 
mass spectrometer. Reinjection of another aliqu01 of the sample 
extract will om resolve the problem. Additlonal cleanup of the 
extract may be required to remove the Interferences. 
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10.2.2 All CDDs/CDFs ancll~heled compounds in the CSt standard shall be within the 
QC limitS In Table 9 for their respective ion abundance ratios; otherwise, the m~ss 
specu·ometer sh~ll he arljust.ecl and this test repeated until the m/z ratios fall 
within the limits specified. If the adjustment alters the resolut ion of the ma.o;s 
spectrometer, ··esolurion sh~ll he verified (Section 10.1.2) prior to repeat of the test. 

10.2.3 Verify char rhe HRGC/HRMS instn.nnent meets the minimum levels in Table 2. 
The peaks representing the CDDs/CDFs and labeled compounds in rhe CS 1 
calibration standard must have signal-to-noise ratios (S/N) greater than or equal 
to 10.0. Otherwise. the mass spectrometer shall be adjusted and this resr repeaced 
until the rni11imum levels in Table 2 are met. 

10.2.4 The absolu te retention time or "C,2-1.2.3.4-TCDD (Section 7.12) shall exceed 25.0 
minutes on the DB-5 column. and the retention time of "C1r l.2.3.4-TCDD shall 
exceed 15.0 minutes on the DB-225 wlwnn; otherwise. the GC temperature 
program shall be adjusted and this test repeated untll the above-stated minimum 
retenrlon time criteria are met. 

10.3 RetP.nrion-Time Windows-Analy?:e the window defining mixtures (Section 7.15) using 
the optimiZed temperature program In Section 10.1. Table 5 gives the elution order 
(lirsr/lasl) or rhe window-defini ng mmpounds. If 2,3,7,8-TCDD and 2.3.7.8-TCDF only 
are to be analyzed, this test Is not required. 

I 0.1 Isomer Specificity 

10.4.1 Analyze the isomer s pecificity test standards (Section 7.15) using the procedure 
in Section 14 and the optimized conditions for sample analysis (Section IO. l.l). 

10.4.2 Compute the percent valley between the GC peaks that clute most closely tn rhe 
2.3.7.8-TCDD and TCDF isomers. on U1eir respective columns·. per Figures 6 and 
7. 

10.4.3 Verify that the height of the valley between the most closely eluted isomers and 
the 2.3.7,8-substituted isomers is less rh~n 25% (computed as 100 x/y in Figures 
6 and 7). If the valley exceeds 25%. adjust the analytical conditions and repeat 
the test or replace the GC column and rccalibratc (Sections 10.1.2 through 10.7). 

10.5 Calibration by !so tape Dilution- Isotope dilution calibration is used for the 15 
2.3.7,8-subsrirurecl CDDs/CDFs ror which labeled compounds are added to samples prior 
to extraction. The reference compound for each CDD/CDF compound is shown in TabiP. 
2. 

10.5.1 A calibration curve encompassing the concentration range is prepared ror each 
compound ro be dec ermined. The rela tive response (RR) (labeled to native) vs. 
conc.encralion in standard solutions Is plotted or computed using a linear 
regression. Relative response Is determined according to che pro~edures 
described below. Five calibration points are employed. 

10.5.2 The response of each CDD/CDF relative to its labeled analog is detennined using 
the area responses of both the primary and secondary exact m/z's specified in 
Table 8. for each calibration standard. as follows: 
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where. 
A I n aru.l A2 , -The areas of the primary ~ nd ~t:wndary m/z's for the 

CDD/CDF 
At, and A2 1 ~The areas of the primary and secondary m/z's for the 

labeh;d compound. 
C, - The concentration of the lahele<.l compound In the calibration 

standard (Table 4). 
C, - The concentration of the narive compound in the calibration 

standarrl (T~l;lo: 4) . 

10.5.3 To calibrate the analyr ical ~y:.lem by isotope dilution. Inject a volum~ of 
calilll'atlun standards CSI through CS5 (Section 7.13 and T~ble 4) identical to the 
volume chosen in Ser.rion 10.2. using the procedure In Section 14 anrl t h~ 
~unditlons In Section 10.1.1 and Table 2. Compure the r·elative response (RR) at 
each concentration. 

I 0.5.4 Linearity- If the relative l'l:l>J)onse for any compound Is constant (less than 20% 
cOOlfficient of variation) over the five-point calibrarion r11ngt', an averaged relative 
response may be used for· rhar l'umpound: othe!Wise. the complete calibration 
curve for lhat compound shall be used over the five-poinr r.al ihrarion range. 

10.6 Calibration hy lnlemal Standard- The Internal standard method is applied I<J 
determination of 1,2,3.7,8,9-HxCDO (Sr.r.rinn 17.1.2). OCDF (Section 17.1.1). the non 
2,3,7,8-suhsri rure<l compowtds. and to the determination of labeled compo.,nrls f'nr· 
intralaboratory statistics (Sections 9.4 alltl l!i.5.4). 

10.6.1 Response factors Calibration requires the determination of response factors (RF) 
dclinPrl hy the following equation: 

where, 

FF= 
(IV, + A1,) c;, 
(/\!., ' A!.,) c; 

AI , and A2, 3 The areas of the primary and s~cn11d<try m/ z's for the 
CDD/ CDF. 

AI b and A2~ ~The areas of the primary and 5e('Ondary rnh 's for the 
internal standard 

c. - The concentration of the Internal standard (Tahle 4). 
C, = The concentration of the m•npou11d in the caltbratlon standard 

(Table 4). 

NOTf:; There I~ only one m/z for 31CI4-2.3,7,R· TCDD. See Table 8. 

10.6.2 To cal ihrate the analytical system by internal standard. irtiect 1.0 IlL or 2.0 IlL of 
calibration standards CSI rhrough CSS (Section 7.13 and Table 4) using the 
procedure in Section l4 and the conditions in Section 10.1.1 and Table 2. Compute 
the re:.ponse factor (RF) at each concemration. 
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I 0.6.3 Linearity- If the response factor (RF) for any compound is constant Oess than 
35% coefficient of variation) over the five-point calibration range, an ave•-aged 
response factor may be used for !hat compound, otherwise. the complete 
calibration curve for that compound shall be used over the fivc-poim range 

10.7 Combined Calibration-By u~l11g t:<tlibrdlion solutions (Section 7.13 and Tahlt< 4} 
containing the CDDs/CDFs and labeled compounds and the i11temal ~tandards. a single 
set o f analyses can be u~ed to produ'e 'alibration curves for the lsotopn rl ilu l ion a11d 
Internal standard methods. These curves a re ve•·illecl e~<"h shlfl (Section 15.3) by 
analyzing the Ollihratlu" ve1·ilkaliun ~tandard (VER. Table 4). Recall bralion is rcqui•·ed 
If any of the callbratlon verification criteria (Section I ~.3) canno t be met. 

10.8 Data StOrage- MS data shall be collected, recorded. and stored. 

10.8.1 Data acquisition- The signal at each P.xact mh shall lJe collected repetitively 
throughout the monitoring period and stOred on a mass storage device. 

I 0 .8.2 R~lX'nse factors and multipoint calibrations- The data system shall be used to 
record and maintain lists of response fac.tors (response ratios for isotope dilution) 
anti multipoint calibntllon curves. Computations of relative standard deviation 
(coefficient of variation) shall be used to test calibration lineal'i ly . Slalisti~ on 
initial performance (Secllon 9.2) and ongoing performance (Section IS.!l) should 
be computed and maintai•1cd. either on the insu·umenl. rta1a sy•lem. or on a 
separate computer ~yste111 . 

11.0 Sample Preparation 

11 .1 Sample preparation involves modifying the physical form of the sample so that the 
CDDs/CDFs can be extracted efncicntly. In general, the sampiP.~ muM be in a liquid 
fum1 or in the form of finely divided solids In order for effldent extraction to take place. 
Table 10 lists !he phases and suggested quantities for extraclion of valin11' "''"pie 
11111trices. 

For samples know11 or expec't~cl 10 conlain high levels of the CDDs/CDFs. the smallest 
sample size representative of the entire sample should be used (see Section 17.5). 

Fc>r all s:<mples. the blank a 11d JPR/ OPR al!quots must be processed through the same 
steps as the sample to check for contamination and losses in the p•·cparalion processes. 

11.1.1 For samples that contain particles. percent solids and particle s lzr. R•'r. rl erermined 
using !he procedures in Ser.1 ic1ns 11.2 and 11.3, re~pectively. 

11.1.2 Aqueous sample.~-Bccause CDDs/CDFs may be bound to suspended particles. 
I he preparation of aqueous samples is dependent on the solids cnnrem nf the 
sample. 

11.1.2.1 Aqueou:> samples visibly absent particles arc preparecl1,..,. S...:tion 
I 1.4 and extracted directly using Lhe separatnry funnel or SPE 
technique.~ in Sections 12.1 or 12.2. respectively. 
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11 .12.2 

11.1.2.3 

Aqueous samples containing visible parr ides and containing one 
percent suspended solids or less are prepared using the procedure 
in Section 11.4. After preparation, the s;,mple is extracted directly 
using the SPF. technique in 12.2 or filtered per Section 11.4.3. AfTer 
filtration. the particles and filter are extracted using the SDS 
procedure in Section 12.3 and the filtrate Is extracted using thP. 
separatory funnel procedure in Section 12. I. 

For aqueous samples containing greater than one percent solids. a 
sample aliquot sufficient to provide 10 g of dry solids is used, as 
described in Section 11.5. 

11. 1.3 Solid samples are prepared using the procedure desoibed in Section ll.5 followed 
by extr~clion via the SDS procedure In Section 12.3. 

11.1.4 Multiphase samples-The phase(s) containing the CDDs/CDFs is separated from 
the non-CDD/CDF phase using pressure tiltration and r.erul'ifug<Jiion. ~s 
described in Section 11.6. The CDDs/CDFs will be in the organic phase in a 
multiphase sample in which an organic phase exists. 

11.1.5 Procedures for grinding, homogenization, and blending of va rious sample phast'.S 
are given in Section 11.7. 

II. 1.6 Tissue samples-Preparation procedures for fish and other tissues are given in 
Section I Ul. 

I 1.2 Determination of Percent Suspended Solids 

NOTE: This aliquot is used for determining the solids content of the sample. not for determination of 
CDDs/CDFs. 

28 

11.2.1 Aqueous liquids and mulli-phasP. .o;arnples consisting of mainly an ~queous phase. 

11.2.1.1 

11.2.1.2 

11.2.1.3 

11.2.1.4 

Dessicate and weigh a GF/D filte r (Se~tion 6.5.3) to three 
significant figures. 

Filter 10.0 ±0.02 rnL of well-mixed sample through the filter. 

Dry the tlltP.r a minimum of 12 hours at 110 ±5"C and cool in a 
dessicator. 

Calculate percent solids as follows: 

%srrlids ~ u.right of sallfie aliquot after dnji11g (g) -wight of filter (g) "
100 

10 g 

11.2.2 Non-aqueous liquids, solids, semi-solid samples. and multi-phase samples in 
which the main phase is not aqueous; but not tissues. 

11.2.2.1 Weigh 5-10 g of sample to three significant figures in a tared 
beaker. 
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11.2.2.2 D•y a minimum of 12 hours M 110 ±5°C, and cool in a desskator. 

11.2.2.3 Calr.ulate percen1 solids ~s follows: 

% solids = weight of sample aliquot after drying x 100 
weight of sample aliquot before drying 

11.3 Determination of Partide Size 

11.3.1 Spre.arl the rlrierl sample from SP.ction 11.2.2.2 on a pier:e of filiP.r paper- or 
aluminum foil In a fume hood or glove box. 

11.3.2 Estimate the size of the particles in the sample. If the size of the largest particles 
is greater than l mm, the particle size must be reduced to 1 111111 or less prior to 
extrdction using the procedures in Section 11.7. 

11.4 Preparation of Aqueous Samples Containing I% Suspended Solids or Less 

11!1.1 Aqueous samples visibly absent particles are prepared per the procedure below 
and extracted directly using the scparatory funnel or SPE techniques in Section" 
12.1 or 12.2. respectively. Aqueous samples containing visible particles and one 
percent suspended solids or less arc prepared using the procedure below and 
extracted using either the SPE teclmique in Section 12.2 or fmther prepared using 
the tiltration procedure in Section 11.4.3. The filtration procedure is followed by 
SDS extraction of the filter and p~•·lides (SP.Ciion 123) and separal n•·y funnP.1 
extraction of the filtrate (Section 12.1). The SPE procedure Is followed by SDS 
extraction of the ftlter and disk. 

11.4.2 Preparat ion uf S<ll nple and QC aliquot• 

11.4.2.1 

11.4.2.2 

11.4.2.3 

1 1.4.2.4 

11.4.2.5 

<krnher 1994 

Ma1'k the original level of the sample on the sample bottle for 
reference. Weigh the sample plus bottle to ±1 g. 

Spike 1.0 mL of the diluted labeled-compound spiking solutio" 
(Section 7 .10.3) into the sample bottle. Cap the bottle and mix the 
5aHlple by careful shaking. Allow the sample to e<Ju ilib•·"'•e for one 
to two hours. with occasional shaking. 

For each sample or sample batch (to a maximum of 20 samples) to 
be extracted during the same 12-hour shift, place two 1.0 L aliquol.' 
of reagent water in clean sample bottles or flasks. 

Spike 1.0 mL of the dilured labelcd-compound spiking solution 
(Section 7.10.3) into both reagent water allquots. One of these 
altquots will serve as the method blank. 

Spike 1.0 mL of the PAR standard (Section 7.14) into the remaining 
reagent water aliquot. This ali4uot will serve as the OPR (Section 
15.5). 
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11.4.2.6 If SPE is to be used. add 5 mL of methanol to the sample. cap and 
shake the sample to mix thomughly, anrl proceed to Section 12.2 
for extraction. If SPE is not to be used. and the sample is v isibly 
absent particles, proceed to Section 12.1 for extraction. If SPE is 
not to be used and the sample contains visible particles. proceed 
to the following section for filtration of part ides. 

11.4.3 Filtration of particles 

11.4.3.1 

11.4.3.2 

11.1.3.3 

11.4.3.4 

11.4.3.5 

11.4.3.6 

Assemble a Buchner funnel (Seclion 6.5.5) on top of a dean 
filtration flask. Apply vacuum to the flask, and pour the entire 
contents of the sample borlle through a g lass-fiber filler 
(Section 6.5.6) in the Buchner funnel, swirling the sample 
remaini ng in the boule to suspend any parr.ides. 

Rinse the sample bonle twice with approximately 5 mL porUons 
of reagent water to transfer any remaining particles onto the filter. 

Rinse any particles off the sides of the Buchner funnel with small 
quantities or reagent water. 

Weigh the empty sample bottle to ±1 g. Detem1ine the weight of 
the sample by difference. Save the bottle for further use. 

Extract the filtrate us ing the separawr·y funnel pmcedure in Seetio11 
12.1. 

Extract the filter containing the particles using the SDS procedure 
in Section \2.3. 

I 1.5 Preparat inn nf Samples Containing Grea ter TI1an 1% Solids 
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11.5.1 Weigh a well-mixed aliquot of each sample (of the same matrix type) sufficient 
to provide 10 g of dry solids (based on lir e solids determination in S@.<~tion 11 .2) 
into a clean beaker or glass jar. 

11.5.2 Spike 1.0 mL of the diluted labeled compound spiking solu tion (Section 7.10.3) 
into t.he sample. 

1 1.5.3 For each sample or sample batch (to a maximum of 20 samples) to be extracted 
during the same lZ-hour shift. weigh two 10 g aliquots of the appropri ~te 
reference matrix (Section 7.6) into clean beakers or g lass jars. 

11.5.4 Spike 1.0 mL of the diluted labeled compound spiking solution (Section 7.10.3) 
into each reference matrix aliquot. One aliquot will serve a~ the method blank. 
Spike 1.0 mL or the PAR standard (Section 7.14) into the other reference matrix 
a liquot. Trus aliquot will serve as the OPR (Section 15.5) . 

11.5.5 Stir or tumble and equilibrate the aliquots for one to two hours. 
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11.5.6 Decam excess water. If necessary to remove water. filter the sample through a 
glass-fiber filter and discard the aqueous liqu id. 

11.5.7 If particles >lmm are present in the sample (as determined in Section I U .2), 
spread the sample on clean aluminum foil in a hood. After the sample is dry. 
grind to reduce the particle size (Section 11.7). 

1!.5.8 Extract the sample and QC aliquots using the SDS procedure in Section 12.:l. 

11 .6 Multiphase Samples 

1!.6.1 Using the percent solids determined in Section 11.2.1 or 11.2.2. determine the 
volume of sample that will provide 10 g of solids. up to I 1.. of sa rnple. 

11.6.2 Pressure filter the amount of sample determined in Section 11.6.1 through 
What man GF / D glass-fiber t'ilter paper (Section 6.5.3). Pressure filter the blank 
and OPR al!quots through GF /D papers also. If necess~ry to sep~r~te the phases 
and/or· settle the solid~. centrifuge these aliquots prior to filtration. 

11.6.3 Discard any aqueous phase (if present). Remove any non-aqueous liquid presem 
and reserve the maxirnurn amount nlter·ed from the sample (Section 11.6.1) or I() 
g. whichever is less. for combination with the solid phase (Section 12.3.5). 

11.6.4 If particles > l mm are present in the sample (as determined in Section 11.3.2) and 
the sample is capable of being dried, sprP.arl the sample and QC aliquots on clean 
aluminum foil in a hood. After the aliquots are dry or if the sample cannot be 
dried. reduce the par·ricle size using the procedures in Section 11.7 and extract the 
reduced particles using the SDS procedure in Section 12.3. If partides >I rrnn are 
not present. extr(ICt the particles and t1lter in the sample and QC altquots directly 
using the SDS procedure in Section 12.3. 

11.7 Sample gtimling. hornogeniz.arion, or hlending-Samples with particle sizes greater than 
I mm (as determined in Section 11.3.2) are subjected to grinding. homogenization. or 
blending. The method of reducing particle s ize to Jess than 1 mm is matrix-dependent. 
In general. hard particles can be reduced by grinding with a mortar and pestle. Softer 
particles can be reduced by gr·inrling in a Wiley mill or meat grinder. by homogenization. 
or in a blender. 

11.7.1 Each size-reducing preparation procechrre on each mat r·ix shall he verified hy 
running the tests In Section 9.2 before the procedure Is employed routinely. 

11.7.2 The grinding. homogenization. or blending procedures shall be can·ied ou t in a 
glove box or fume hood to prevent particles from contaminating the work 
envirorunent. 

11.7.3 Grinding- Certain papers and pulps, slurries, and amorphous solids can be 
gmund in a Wiley mill or heavy duty rneat glinder. In some case.s. reducing the 
temperature of the sample to freezing or to dry ice or liquid nitrogen 
temperatures can aid in the grinding process. Grind the sample a liquors from 
Section 11.5.7 or 11.6.4 In a clean grinder. Do not allow the sample temperature 

October 1994 31 



Mefhod 1613 

to exceed so•c. Grind the blank And reference matrix allquots using a clean 
grindP.r. 

11.7.4 Hurnug~nization or blending Particles that are nor gr'fH urd effectively. or 
particles g reater than 1 mm in SiJ,P. AfiPI' grinding. can often be reduced in size by 
high S[Jtled homogenization or blending. Homogenize anrl/or blend the particles 
or filter from Sec.l ion 11 .5.7 or I I 6.4 for the sample. blank. and OPR aliquots. 

11.7.5 Extract the aliquots using lhP. sns procedure in Section 12.3. 

11.8 Fish and Other Tissues- Prior In proc.,ssing tissue samples. the laboratory must 
tlelennlne the exact tissue to be analyzed. Common requests for anAiysi~ of fish 1 issu" 
Include whole fish-skin on, whole fish-skin rernovetl. ediblt~ fish fi llets (filleted In the 
field or by the laboratory), specific organs, and other portions. Onr.e rhe Appropr'iA II:l 
tissue has been clererrninecl, I he S<l nrple 11111st be homogenized. 
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11.8.1 Homogenization 

11.8.1.1 

11.R.I.2 

11.8.1.3 

I U!.1.4 

11.8.1.5 

Samples arc homogenized while still frozen, wherP. prnc;liVtl. If the 
labordtory must dissect the whole fish to obtain the appropriate 
tissue for analysis. the unused tis.sues may he rapidly refn.>;.:en <tnd 
stored in a clean glass jar for subsequent use. 

Each analysis ret(uires 10 g of tissue (wet weight). Therefore. the 
labora tory shou ld homogenize at least 20 g of I issue to allnw li" 
n.-.oxlr~clion uf a second aliquot of the same homogenized sample. 
tf re-analysis Is required. When whole fish analysis is necessary. 
the entir-e f1sh i~ homogeni?.ed. 

Homogenize the sample in a tiS.'iUI~ homogPni?N (Ser.tion 6.3.3) o•· 
grind in a meat grinder (Section 6.3.4). Cut Ussue too large to feed 
into the grinder Into smaller pieces. To as.~ure homogeneiry. grind 
three times. 

Transfer approxhnately 10 g (wet weigl•t) of homogenized tissue 
to a clean. tared. <10()-500 mL beaker. For the alternate HCI 
digestion/ extraction, transfer the tissue to A clean, tA r~d 
500-600 mL wide-mouth bottle. Record the weight to the nearest 
10 mg. 

Transfer the remaining homogenized tissue to a clean jar with a 
tluoropolymer-llned lid. Seallhe jar and store the tissue at <-to•c. 
Return any tissue that was not homogenized to its o rigina l 
container and store at <-Jo•c. 
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11.8.2 QC aliquots 

11.8.2.1 

11.8.2.2 

11.8.3 Spiking 

11.8.3.1 

118.3.2 

.IV!etlwd 1613 

Prepare a method blank by adding approximately 10 g or the oily 
liquid reference matrix (Sei:tion 7.6.4) to a 100-500 mL beaker. For 
the alternate IIC1 digestion/extraction, add the reference matrix tn 
a 500-600 mL wide-mouth boule. Record the weight to the nearest 
10 mg. · 

Prepare a precision and recovery aliquot by adding approximately 
10 g of the oily liquid reference matrix (Section 7.6.4) to a separate 
400-500 mL beaker or wide-mouth bottle, depending on the 
extmction procedure to be used. Record the weight to the nearest 
10 mg. If the initial precision and recovery test is -to he performed, 
use four aliquots; if the ongoing precision and rffovery test is to 
be performed, usc a single aliquot. 

Spike 1.0 mL of the labeled compound spiking solution 
(Section 7.1 0.3) into the s~ mple, b!~nk, and OPR aliquot. 

Spike 10 mL of the PAR standard (Section 7.14) into the OPR 
aliquot. 

11.8.1 Extract the aliquots using the procedures in Section 12.4. 

12.0 Extraction and Concentration 

Extraction procedures inch,tde separatory funnel (Section 12.1) and solid phase (St.>ction 
12.2) for aqueous liquids; Soxhlet/Dean-Stark (Section 12.3) for solids, filters, and SPE 
disks; and Soxhlet extraction (Section 12.1. !) and HCl digestion (Section 12.4.2) for tissues. 
Acid/ base back-extraction (Section 12.5) is used for initial cleanup of extracts. 

Macro-concentration procedures include rotary evaporation (Section 12.6.1). heating 
ruautle (S..r:tion 12.6.2), and Kuderni'I-Danish (K-0) evilpnrnlion (Section 12.6.3). Micro
concentration uses nitrogen b1owdown (Section 12. 7). 

12. I Sepan:ttory funnel extraction of nitrates and of aqueous samples visibly absent particles. 

12.1.1 Pour the spiked sample (Section 11.4.2.2) or filtrate (Section 11.4.3.5) intu a 2 L 
separatory funnel. Rinse the bottle or flask twice with 5 mL of reagent water and 
add these rinses to the sep~r~ tory funnel. 

12.1.2 Add 60 mL methylene chloride to the empty sample bottle (Section 12.1.1), sea l. 
and shake 60 seconds to rinse the inner surface. Transfer the solvent to the 
separatory funnel. and extract the sample by shaking the funnel for two minutes 
with periodic venting. Allow the organic !aye•· to separate from the aqueous 
phase for a rninirnum of I 0 minutes. If an emulsion forms and is more than one
third the volume of the solvent layer. employ mechanical techniques to r.omplete 
the phase separation (see note helow). Drain the methylene chloride extract 
through a solvent-rinsed glass funnel approximately one-l)alf full of granular 
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anhydrous sodium sulfate (Section 7.2.1) supported on dean gla . .,~-libP.r papP.r inlO 
a solvent-rinsed concentration device (Section 12.6). 

NOTF:: Tf an emulsion fomiS, tTle analyst must employ mechanical techniques tu ~vmplete the 
phase separation. The optimum technique depends upon the sample, bur may Include stirring, 
flltralion through glass wool. use of phase separation paper. centrlfufialion. use of an ultrasonic 
bath with ice, addition of NaCJ, or other physical methods. AlccmaUvely, solid-phase or ot.hr.r 
extraction techniques may be used lU prevent emulsion formation. Any alternative technique is 
acceptable so long as the requirements In Section 9 arc met. 

Expelience with aqueous samples high in dissolved organic materials (e.g., paper 
mill effluents) has shown that acidification of the sample prior to extraction may 
reduce the formation of emulsions. Paper industry methods suggest that the 
addition of up to 400 mL of ethanol to a I L effluent sample may also reduce 
P.mulsion formation. However, studies by EPA suggest that the effect may be a 
result of sample dllutlon. and that the addition of reagent water rnay serve the 
same function. Mechanical techniques may still be necessary to complete the 
phase separation. If either acidification or addition of ethanol is utilized. the 
laboratnr-y must perform the startup tests described in Section 9.2 using the same 
techniques. 

12.1.3 Extract the water sample two more times with 60 mL portions of methylene 
chlol'i<le. Drain each portion through the sodium su lfate into the concentrator. 
After the third extraction. rinse the separatory funnel with at least 20 mt of 
methylene chlorirle, and drain this rinse through the sodium sulfate into the 
concentrator. Repeat this rinse at least twice. Set aside the funnel with sodium 
su lfate if the extract is to be combined with the extract from the particles. 

12.1.4 Concentrate the extract using one of the macro-concentration procedures in 
Section 12.6. 

12.1.4.1 

12.1.4.2 

If the extract is r,·om a sample visibly absent particles 
(Section 11.1.2.1). adjust the final volume of the concentrated 
extract to approximately 10 mL with hexane, transfer to a 250 mL 
separatory funnel. and back-extract using the procedure in Se<:tion 
12.5. 

If the extract Is from the aqueous flltrate (Section 11.1.3.5). set aside 
the concent,·a fion appa,·arus for add ition of the SDS extract from 
the particles (Section 12.3.9.1.2). 

12.2 SPE of Samples Containing Less Than 1% Solids (References 19-20) 
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12.2.1 Disk prepa rat ion 

12.2.1.1 Place an SPE disk on the base of the filtc.r holder (Figure 4) and 
wet with toluene. While holding a GMF !50 filter above the SPE 
disk with tweezers, wet the filter with toluene and lay the filter on 
the SPE disk, making sure that air is not trapped between the tilte'' 
and disk. Clamp the filter and SPE disk between the 1 L glass 
reservoir and the vacuum filtration flask. 
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12.2.1.2 

12.2.1.3 

12.2.1.4 

12.2.2 Extraction 

12.2.2.1 

12.2.2.2 

12.2.23 

12.2.2.4 

Me1hod 1613 

Rinse the sides of the filtration flask with appmx 15 mL of toluene 
using a sque~L.e bott le or syr·inge. Apply vacuum morne.ntarily 
until a few drops appear at the drip tip. Release the vacuum and 
allow the filter/disk to soak for approx one minute. App ly 
vacuum and draw all of the toluene through the filter/disk. 
Repeat the wash step \'lith approx 15 mL of acetone and allow the 
filter/disk to air dry. 

Re-wet the f1lter/disk with approximately 15 mL of methanol, 
allowing the filter/cUsk to soak for approximately one minute. Pull 
the methanol through the filter/ disk using the vacuum, but retain 
a layer of methanol approximately 1 rnm thick on the filter. Do 
not allow the disk to go dry from this point unti l the end of the 
extraction. 

Rinse the filter/disk with two 50-rnL portions of reagent water by 
adding the water to the reservoir and pulling most through, 
leaving a layer of water on the surface of the filter. 

Pour the spiked sample (Section 11.4.2.2), blank (Section 11.4.2.4), 
or IPR/OPR aliquot (Section 11.4.2.5) into the reservoir and turn 
on the vac.u um to begin the extraction. Adjust the vacuum to 
complete the extraction In no less than 10 minutes. For samples 
containing a high concentration of particles (suspended solids). 
fil tration times may be t'ight hours or longer. 

Before all of the sample has been pulled through the filter· I disk. 
rinse the sample bottle with approximately 50 mL of reagent water 
to remove any solids, and pour inlo rhe reservoir. Pull through 
the filter I disk. Use additional reagent water rinses until all visible 
solids ~re rernnvecl. 

Before all of the sample and rinses have been pulled through the 
filter/disk, rinse the sides of the reservoir with small portions uf 
r·eagent water. 

Allow the fitter/ disk to dry, then remove the filter and disk and 
place in ~ glass Perri clish. Exln'ICI rhe filter ancl disk per 
Section 12.3. 

12.3 SDS Extraction of Samples Containing Particles. anti of Filters and/ or Disks 

12.3.1 Charge a dean exLraclion thimble (Section 6.4.2.2) with 5.0 g of 100/200 mesh 
silica (Section 7.5.1.1) topped \'lith 100 g of quartz sand (Se<:tion 7.3.2). 

NOTE: Do not disturb rile silica layer throughout the exlractior> process. 

12.3.2 Place the thimble in a clean extractor. Place 30-40 mL of toluene in the receiver· 
and 200-250 mL of lnluene in the flask. 

Ocrober I 994 35 



Mel110d 1613 

36 

12.3.3 Pre-extract ihe glassware by heating the flask until ihe toluene is boiling. When 
properly adjusted, one to two drops of toluene will fall per· ser:nncl from the 
condenser tip into the receiver. Extract the apparatus for a minimum of three 
hours. 

12.3.4 After pre-extraction. cool and disassemble rhe apparatus. Rinse the thimble with 
toluene and allow to air dry. 

12.3.5 Load the wet sample. fil ter. and/or disk from Section 11.4.3.6. 11.5.8. 11.6.'1. 11.7.3. 
11.7.4, or 12.2.2.4 and any nonaqueous liqu id from Section 11.6.3 into the thimble 
and manually mix Into the sand layer with a clean metal spatula. carefully 
breaking up My large lumps of sample. 

12.3.6 Reassemble the pre-exrracred SDS apparatus, and add a fresh charge of roluen~ 
to the receiver and reflux flask. Apply power to the heating mantle to begin 
r-efluxing. Adjust the reflux rate to match the rate of peroolation through the sand 
and silica beds until water removal lessens ihe restriction to toluene flow. 
Frequently check the appar·atus for· roaming during ihe first two hours of 
extraction. If foaming occurs, reduce ihe reflux rate until foaming subsides. 

12.3.7 Drain the water from the receiver at one to two hours and eight to nine lrours. or 
sooner if the receiver· tills with water. Reflux the sample for a total of 
16·24 hours. Cool and d isassemble ihe apparatus. Record the total volume of 
water collected. 

12.3.8 Remove the d istilling tlask. Drain ihe water from the Dean-Stark receiver and 
add any toluene in the receiver to the extract in the flask. 

12.3.9 Con~entrate the extract using one of the macro-concentration procedures in 
Section 12.6 per the following: 

12.3.9.1 

12.3.9.2 

Extracts from the particles in an aqueous sample containing less 
than 1% solids (Section 11.4.3.6). 

12.3.9.1.1 

12.3.9.1.2 

12.3.9.1.3 

Concentrate the extract to approximately 5 mL 
using the r·o tary evAporator· or hearing mantle 
procedures in Section 12.6.1 or 12.6.2. 

Quantitatively transfer the extr<ICt through the 
sodium sulfate (Section 12.1.3) Into the apparatus 
that was set aside (Section 12.1.4.2) and 
reconcentrate to the level of the toluene. 

Adjust to approximately 10 mL w ith hexane. 
transfer to a 250 mL separatory tunnel. and proceed 
with back-extraction (Se~lion 12.5). 

Extracts from particles (Sections 11 .5 t11rough 11.6) or from the SPE 
filter and disk (Section 12.2.2.4)-Concentrate to approximately 10 
mL using the rotary evaporator o r heating mantle (Section 12.6.1 
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or 12.6.2). transfer to a 250 mL separatory funnel. and proceed 
with back-extraction (Section 12.5). 

12.4 Exh-action of Tissue-Two procedures are pmvided fM tissue ext r~cl ion. 

12.4.1 Soxh1et ext ract ion (Reference 2\) 

12.4.1.1 

12.U .2 

\ 2_4. \.3 

12.4.1.4 

12.4.1.5 

12.1.1.6 

J2.4.l.7 

12.4.1.8 

12.4 19 
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Add 30-40 g of powdered anhydrous sodium sulfate to each of the 
beakers (Section 11.8.1) and mix thoroughly. Cover the beakers 
with aluminum foil and a llow to equ ilibrate for 12-24 hours. 
Remix prior to extraction to prevent dumping. 

Assemble and pre-extract the Soxhlet apparatus per Sections 12.3.1 
through 12.3.4, except usc the methylene chloride:hexane (1:1) 
mixture for the pre-extraction and rinsing and orrlil the quart-,; 
sand. The Dean-Stark moisture trap may also be omitted. If 
desired . 

Reassemhle the pre-extracted Soxhlet apparatus and add a fresh 
charge of methylene chloride:hexane to the reflux flask. 

Transfer the sample/sodium sulfate mixture (Section 12.4.1.1) to 
the SoxNet th imble, and install the thimble in the Soxhlct 
apparatus. 

Rlnse the beaker with several portions of solvent mixhH'P. and add 
to the thimble. Fill the thimble/receiver with solvent. Extract for 
18-24 hours. 

After extraction. wol and disassemble the apparatus. 

Quantitatively rransfe•· the extract to a macro-concentration device 
(Section 12.6). and concentrate to near dryness. Set aside the 
nmcentration apparatus for re-use. 

Complete the removal of the solvent using the nitrogen blowdown 
pi'Ocedure (Section 12.7) and a water bath temperature of 60"C. 
Weigh the receiver. record the weight. and return the receiver to 
the blowdown apparatus, concentrating the residue until a 
constant weight is obtained. 

Pert:ent lipid deterrninalion-The lipid conten t is determined hy 
extraction of tissue with the same solvent system (methylene 
chloride:hexane) that was used in EPA's National Dioxin Study 
(Reference 22) so that lipid contents are consistent with that study. 

12.4.1.9.1 Redissolve the residue in the receiver in hexane and 
spike l.O mL of the cleanup standard [Section 7.11) 
into the solution. 
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12.4.1.9.2 

12.4.1.9.3 

Transfer the residue/hexane to the anthropogenic 
isol~tion w lumn (Sect ion 13.7.1) or bottle for the 
acidified silica gel batch cleanup (Section 13.7.2). 
retain ing the boili ng ch ips in the concentr~tion 
apparatus. Use several rinses to assure that all 
material is transferred. If necessary, sonicate or 
heat the receiver slightly to assure that all material 
is re-d issolved. Allow the recP.ivP.r to rhy Weigh 
the receiver and boiling chips. 

Calculate the lipid content to the nearest three 
significant figures as follows : 

n 1. 'd -'W.:0:e:"ig:'-h7-r-'of'-::-re'7s.;.;id:;.u;.;;;e-;(.,_g) X 100 rercetJt tpt = -
Weight of tissue (g) 

12.4.1.9.4 It is not necessary to determi.11e the lipid content of 
the blank, IPR. or OPR aliquots. 

12.4.2 HCl digestion/extraction and concentration (References 23-26) 

12.4.2.1 

12.4.2.2 

12.4.2.3 

12.4.2.4 

12.4.2.5 

12.4.2.6 

12.4.2.7 
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Add 200 mL of 6 N HCl and 200 mL of methylene chloride: hexane 
(1 :1) to the sample and QC aliquots (Secti011 11.8.4). 

Cap and shake each bottle one to three times. Loosen the cap in 
a hood to vent excess pressure. Shake each bottle for 
10-30 seconds and vent. 

Tightly cap and place_ on shaker. Adjust the shaker action and 
speed so that the add , sulve11t, and tissue ar'P. in constant motion. 
However, take care to avoid such violent action that the bottle may 
be d islodged from the shaker. Shake for 12-24 hours. 

After digestion, remove the bottles from the shaker. t\llow the 
boules to stand so that the solvent and ac.icl layers separate. 

De<.:ant the solvent through ~ glass funnel with glass-fiher fil ler· 
(Sections 6.5.2 through 6.5.3) containing approximately 10 g of 
granular anhydrous sodium sul fate (Section 7.2.1) into a macro
concentration apparatus (Section 12.6) . Rinse the contents of the 
bottle w ith two 25 mL portions of hexane and pour through t11e 
sodium sulfate into the apparatus. 

Concentrate the solvent to near dryness using a macro
concentration procedure (Section 12.6). 

Complete the removal of the solvent using the nitrogen blowdown 
apparatus (Section 12.7) and a water bath temperature of 6o•c. 
Weigh the receiver, record the weight, and retu rn the r'eCeiver to 
1 he blowdown apparatus. concentrating the residue until a 
constant weight is obtained. 
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12.4.2.9 
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Percent lipid detennination-The lipid content is determined in the 
same solvent system [methylene chloride:hexane (1:1)1 that was 
used in EPA's National Dioxin Study (Reference 22) so that lipid 
contents are consistent with that study. 

12.4.2.8.1 

12.4.2 8.2 

12.4.2.8.3 

Redissolve the •·esidue in the receiver in hexane ancl 
spike 1.0 mL of the cleanup standard (Section 7.11) 
into the solnt inn. 

Transfer the re~idue/hcxane to the narrow-mouth 
100-200 mL bottle retaining the boiling chips in the 
receiver. !Jse several rinses to assure that all 
material is transferred. to a rnaximtnn hexane 
volume of approximately 70 mL. Allow the receiver 
to dry. Weigh the receiver and boiling chips. 

Calculate the percent lipid per Section 12.4.\.9.3. It 
is not necessaty to cletermine the lipid content of 
the blank. IPR. or OPR aliquots. 

Clean up the extract per Section 13.7.3. 

12.5 Back-Extraction with Base and Acid 

12.5.1 Spike 1.0 mL of the cleanup standard (Section 7.11) into the separatory funnels 
t:ontaining thP. sample and QC extracts from Section 12.1.1.1. 12.3.9.1.3. or 12.3.9.2. 

12.5.2 Partition the extract against 50 mL of potassium hydroxide solutio•• (Sect ion 7 .1.1). 
Shake for two minutes w ith periodic venting into a hood. Remove and discard the 
aqueous layer. Repeat the base washing until no color is visible in rhe aqueous 
layer. to a maximum of four washings. Minimize contact time between the extract 
and the base to prevent degradation of the CDDs/CDFs. Srmnger potassium 
hydmxide solutions may be employed for back-extraction. provided th~t the 
laboratory meets the specifications for lahelecl compound recovery and 
demonstrates acceptable performance using the procedure in Section 9.2. 

12.5.3 Partition the extract against 50 mL of sodium chloride solut ion (Section 7.1.4) in 
rhe same way as with base. Discard the aqueous layer. 

12.5.4 Partition the extract against 50 mL of sulfuric acid (Section 7.1.2) in the Sillll~ w11y 
as wilh base. Repeal rhe acid washing until no color is visible in the aqueous 
layer. to a maximum of four washings. 

12.5.5 Repeat the partitioning against sodium chloride solution and discard rhP. aqueous 
layer. 

12.5.6 Pour each extract through a drying column containing 7-10 ern of granular 
anhydrous sodium sulfate (Section 7.2.1). Rinse the separatory funnel with 
30-50 rnL of solvent, and pour through the drying column. Collect ead• extract 
In a round-bottom flask. Re-concentrate the sample and QC altquots per Sections 
12.6 through 12.7, and clean up the samples and QC aliquot's per Section 13. 
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12.6 Macro-Concentration-Extracts in toluene are concentrated using a rotary evaporator or 
a heating mantle; extracts In methylene chloride or hexane are concentrated using a 
rotary evaporator, heating mantle, or Kuclema-Danish apparatus. 

40 

12.6.1 Rotary evaporation-Concentrate the extracts in separate round-bouom flasks. 

12.6. 1.1 

12.6.1.2 

12.6.1.3 

12.6.1.4 

12.6.1.5 

Assemble the rotary evaporator according to manufacturer's 
Instructions. and warm the water bath to 45•c. On a daily basis. 
preclean the rotary evaporatOI' hy concentrating 100 utL of clean 
extraction solvent through the system. Archive both the 
concentratecl solvent ann the solvent in the catch flask for a 
contamination check tf necessary. Between samples. three 2-3 mL 
a liquors of solvent should be rinsed down the feed tube into a 
waste beaker. 

Attach the round-bottom flask containing the sample extract to the 
rotary evaporator. Slowly apply vacuum to the system, and begin 
rotating the sample flask. 

Lower the flask into the water bath. and adjust rile speecl of 
rotation and the temperature as required to complete concentration 
in 15-20 minutes. At the proper rate of conr.enrration, the tlow of 
solvent into the receiving flask will be steady. but no bumping or 
visible boiling of the extrac:r will ocr.u•·. 

NOTE: Jf the rate of concentration is too fast, analyte loss may occur. 

When the liquid in the concentration flask has reached an apparent 
volume of approximately 2 111L, remove rhe flAsk from the water 
bath and stop the rotation. Slowly and carefully admit air into the 
system. Be sure not to open the valve so quickly that the san1ple 
is blown out of the flask. Rinse the feed tube with approximately 
2 mi. of sol venr. 

Proceed to Section 12.6.4 for preparation for back-extraction or 
micro-concentration and solvenl exchange. 

12.6.2 Healing mantiP.-Concenr:rate the extracts in separate round-bottom flasks. 

12.6.2.1 

12.6.2.2 

Add one or two clean boiling chips to the round-bottom flask, and 
attach ~ three·ball macro Snycle•· mh.mul. PI'P.wer the column hy 
adding approximately 1 mL of solvent through the top. Place the 
ronncl-hottom flask in a heating mantle. and apply heat as required 
to complete the concentration in 15-20 minutes. At the proper rate 
of distillation. the balls of the column will actively chatter. but the 
chambers will not tlood. 

When the liquid has reached an apparent volume of approximately 
10 mL, ren•ove the round-bottom flask from the healing "'~utle 
and allow the solvent to drain and cool for at least 10 minutes. 



12.6.2.3 
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Remove the Snyder column and rtnse the glass joint into the 
receiver with small por·tions of solvent. 

Proceed to Section 12.6.4 for pr-eparation for back-extr-actioro or 
micro-concentration and solvent exchange. 

12.G.3 Kuderna-Danish (!<-D)- Concentrate the extracts in separate 500 mL K-D flasks 
equipped with 10 mL concentrator tubes. The K-0 technique is used for solvents 
such as methylene chloride and hexane. Toluene is difficult to concentrate using 
the K·D tedmique unlP.ss a water bath fed by a steam generator is used. 

12.6.3.1 

12632 

12.6.3.3 

12.6.3.4 

12.6.3.5 

12.6.3.6 

12.6.H 

Add one to two dean boiling chips to the receiver. Attach a three
ball macro Snyder column. Prewet the column by adding 
approximately I mL or solvent through the top. Place the K-0 
apparatus in a hot water bath so that the entire lower rounded 
surface of the nask is bathed w ith steam. 

Adjust the vertical position of the apparatus and the water 
temperature as required lU complete the concentration in 
15-20 minutes. At the proper rate of dlstlllation. the balls of the 
column w ill actively chauer but the chamber~~ will not flood. 

When the liquid has reached an apparent volume or 1 mL. remove 
the K-0 apparatus from the bath and allow the solvent to drain 
and cool for at least 10 minutes. Remove the Snyder column and 
rinse the flask and its lower joint Into the concentrator tube with 
1-2 nrL of solverll . A 5 mL syringe is recommended for this 
operation. 

Remove the three-ball Snyder colu111n, add a fr'P.~h boil ing ch ip, 
and attach a two-ball micro Snyder column to the concentrator 
tube. Prewet the r.nlll rnn by add ing approximately 0.5 mL of 
solvent through the top. Place the apparatus in the hot water bath. 

Adjust the vertical position and the water temperature as required 
to complete the concentration in 5-10 minutes. At the proper rate 
of distillation. the balls of the column will actively r;h;tl l..,r illll '"" 
chambers will not flood. 

When the liquid reaches an apparent volume of 0.5 rnL. remove 
the apparatus from the water bath and allow to drain and cool for 
at least 10 minutes. 

Pro(.-eed to 12.6.4 for preparation for back-extraction or micro
concentration and solvent exchange. 

12.6.4 Preparation for· back-extn.u;lion or rnicro-corrcerrtr;t li rm and solverrt exchange. 

12.6.4.1 

October /994 

For back-extraction (Section 12.5), transtcr the extract to a 250 rnL 
separatory funnel. Rinse the concentration vessel w ith small 
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12.6.4.2 

portions of hexane. adjust the hexane volume In the separatory 
funnel to 10-20 mL. and proceed to back-extraction (Section 12.5}. 

For detemlinalion of the weight of resid ue in the extract, or for 
clean-up procedures other than back-extraction. transfer the extract 
to a blowdown vial using two to three rinses of solvent. Proceed 
with micro-concentration and solvent exchange (Section 12.7). 

12.7 Micro-Concentration and Solvent Exchange 

12.7.1 Extracts to be subjected to GPC or HPLC cleanup are exchanged into methylene 
chloride. Extracts to be cleaned up using silica gel. alumina, carbon, and/or 
Florisil arc exchanged Into hexane. 

12.7.2 Transfer the vial containing the sample extract to a nitrogen blowdown dtwice. 
Adjust the now of nitrogen so that the surface of the solvent Is just visibly 
disturbed. 

NOTE: A large vortex in t!Je solvent may e<~use analyrr. loss. 

12.7.3 Lower the vial into a 45'C water barh and c.ontinue concentrating. 

12.7.3.1 

12.73.2 

lf the extract is to be concentrated to dryness for weight 
determination (Sections 12.4.1.8. 12.4.2.7, and 13.7.1.4). blow dry 
until a constant weight is obtained. 

If the extract is to be concentrated for injection into the GC/MS or 
the solvent is to b., exchanged for extract cleanup, proceed as 
follows: 

12.7.4 When the volume of the llquld Is approximately 100 ~tL. at.ld 2-3 mi. of' the 
desired sol v~nr (111ethylene chloride for C!-'C and HPLC. or hexane for the other 
cleanups) and continue concentration ro approximately 100 ~L Repeat the 
addition of solvent and concentrate once more. 

12.7.5 lf the extract is to be cleaned up by GPC. adjust the volume of the extract to 5.0 
mL with methylene chloridP.. If r.he extract is to be cleaned up by HPLC. further 
concentrate the extract to 30 )JL. Proceed with GPC or HPLC cleanup (Secrion 
13.2 or 13.6, respectively}. 

12.7.6 lfthe extract is to be cleaned up by column chromatography (alumina. silica gel. 
Carbopak/Celite. or Florisil), bring rhe final volume to 1.0 ml with hexane. 
Proceed with column cleanups (Sections 13.3 through 13.5 and 13.8). 

12.7.7 If the exrrar.t is to be concent•-ated fDI' injection into the (;C/MS (Section 14), 
quantitatively transfer the extract to a 0.3 mL conical vial for final concentration. 
rinsing the larger vial with hexane and adding the rinse to the conical vial. 
Reduce the volume to approximately 100 pl.. Add 10 pL of nonane to the vial. 
and evaporate the solvent to the level of the nonane. Seal the vial and label with 
the sample number. Store in the clark at room temp.,r~ture until ready for 
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GC/MS analysts. If GC/MS analysis will not be performed on the san1t> cl~y. 

store the vial at <· I o•c. 

13.0 Extract Cleanup 

13.1 Cleanup may not be ne<:essary for relatively clean samples (e.g .. treated effluents. 

groundwater. drinking water). If panlcular circumstances require the use of a cleanup 

procedure, the analyst may use any or all of the procedures below or any other 

appropriate pru<.:edure. Before using a cleanup proceclure, the analyst must demonstrdle 

lhRt the requirements of Sectiun 9.2 can be met using the cle<tnup procedure. If only 

2.3.7.8-TCDD and 2,3,7,8-TCDF are to be detem1inecl. the cleanup procedures rnay l>e 
optimized for Isolation of these two compounds. 

13.1.1 Gel permeation chromatography (Section 13.2) remuve1. high molecular weight 

interferences that cause GC column 1>errormance to degrade. It should hi' u~ecl 

for all soli and sediment extract~ and may be used fur water extracts that are 
expecred to contain high molecul~,. weight organic compounds (e.g., pt)lymeric 

materials. humic acids). 

13.1.2 Acid. neutrdl. aud basic silica gel (Section 13.3). Alumina (Section 13A). and 

Florisil (Section 13.8) are u>ed ro remove nonpolar and polar imerfcrences. 

Alumina and Florisil are used to remove dtlorocliphcnyl ethers. 

13.1.3 Carbop<tk /Cellte (Section 13.5) Is ~1setlto remove nonpolar lnterferenc~.s. 

13.1.1 HPLC (Secrion 13.6) Is used to provide specificity for the 2.3.7.8-substi lt iiP.cl and 

omer COD and COF isomers. 

13.1.5 The anthropogenic isolation column (Section 13.7.1), acidified silica gel IJatch 

adsorption procedure (Se<:tion 13.7.2), and sulfuric acid and base l>at:k·AXIfilction 
(Section 13. 7.~) are used for removal of lipids from tissue samples. 

13.2 Gel Permeation Cht'Omatography (GPC) 

132.1 Column packing 

13.2.1.1 

13.2.1.2 

13.2.1.3 

13.2.1.4 

(]ember 1994 

Place 70-75 g of SX-3 Blo-beads (Section 6.7.1.1) io a 400 500 mL 
beaker. 

Cover the beads wilh methylene chloride and ~How to ~well 

overnight (a minimum uf 12 hours). 

Transfer me swelled l)(>.ads to me column (Se<:tion 6.7.1 I) And 
pump solvem through the wlumn, from bonom to top. at 
1.5-5.5 mL/mirtutP. prior to connectlng the column tu tltP. rlcrcctor. 

A lie•· purging the column with solvent for orte to two hours, adjust 
the column he.ad pl'essure to 7-10 psig and purge for four to five 
hours to remove air. Maintain a hP~d pressure of 7 10 psi g. 
Conned the column to the detector (Section 6.7.1.4). 
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13.2.2 Column calibration 

13.2.2.1 

13.2.2.2 

13.2.2.3 

13.2.2.4 

13.2.2.5 

Load 5 mL of the calibration solution (Section 7.4) Into the sample 
loop. 

Inject the calibration solution and record the signa l from the 
detector. The elution pattern will be corn oil, bis(2-ethyl 
hexyl)phthalate, pentachlorophenol, perylene, and sulfu r. 

Set the "dump time" to allow >85% removal of the corn oil and 
>85% collection of the phthalate. 

Set the • colleet time· to the ~ak minimum between perylene and 
sulf~tr. 

Verify the calitu·arion with the calibration solution after fwety 
20 extracts. Calibration is verified If the recovery of the 
pentachlorophenol is greater than 85%. Jf calibration is not 
verified, the system shall be recallbrated using the calibration 
solution. and the previous 20 samples shall hP. re-ext racted and 
cleaned up using the calibrated GPC system. 

I 3.2.3 Extract cleanup- GPC requires that the column not be overloaded. The column 
specified in this method is designed to handle a maximum of 0.5 g of high 
molecular weight material in a 5 mL extract. If the extract is known or expected 
to contain more. than 0.5 g. the extract is split into aliquot.s for GPC, and the 
aliquots are combined after elution from the column. Th.e residue content of the 
extract may be obtained gravimetrically by evaporating the solvent from a 50 pL 
aliquol. 

13.2.3.1 

13.2.3.2 

13.2.3.3 

13.2.3.4 

13.2.3.5 

13.3 Silica Gel Cleanup 

f ilter the extract or load through the filter holder (Sectio11 6. 7.1.3) 
to rernove the pat•ticles. Load the 5.0 mL extract onto the column. 

Elute the extr·act using the calibration data determined in 
Section 13.2.2. Collect the eluate in a clean 400-500 mL heaker. 

Rinse the sample lo;~di11g tube thomughly with methylene chloride 
between extracts to prepare for the next sample. 

If a particularly dirty ext ract is encountered. a 5.0 mL methyle11e 
chlotide blank shall be run through the system to check for carry 
over. 

Concentrate the eluate per Sections 12.6 anci 12.7 for further 
cleanup or injection into the GC/MS. 

B .3. I Place a glass-wool plug in a 15 rnrn ID chmmatography column (Section 6.7.4.2). 
Pack the column bottom to top with: 1 g silica gel (Section 7.5 .1.1). 4 g bask silica 
gel (Section 7.5.1.3) , I g silica gel. 8 g acid silica gel (Section 7.5.1.2). 2 g silica gel. 
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and 4 g g•-anular anhydrous sodium sulfate (Section 7.2.1). Tap the column to 
settle the adsorbents. 

!3.3.2 Pre-elute the column with 50-100 mL of hexane. Close the stopcock when the 
hexane is within 1 mm of the sodium sulfate. Discard the eluate. Check the 
column for channeling. If channeling Is present. discard the column and prepare 
another. 

13.3.3 Apply the concentrated extract to the column. Open the stopcock until the extract 
is within I mm of the sodium sul fate. 

133.4 Rinse the •·eceiver twice with I rnL portions of hexane. and apply separately to 
the column. Elute the CDDs/CDFs with tOO mL hexane. and collect the eluate. 

13.3.5 Concentrate the eluate per Sections 12.6 and 12.7 for further cleanup or injection 
into the HPLC or GC/MS. 

13.3.6 Fo•· extracts or samples known to contain large <.Juantilies of other organic 
compounds (such as paper mlll effluents). it may be advisable to increase the 
~apacily of the sili~a gel column. Tllis rnay be accomplished by increasing the 
strengths of the acid and basic silica gels. The acid silica gel (Section 7 .5. 1.2) may 
be increased in strength to as much as 44% w/w (7.9 g sulfurtc acid added to 10 
g silica gel). The basic silica gel (Section 7.5.1.3) may be increased in strengtJ1 t.o 
as much as 33% w/w (50 mL IN NaOH auded lO 100 g silica. gel) . or tl•e 
potassium silicate (Section 7.5.1.4) may be used. 

NOTE: The use of stronger acid silica gel (11% wl w) may lead to charring of organic compounds 
in somr. extracts. The charred material may retain some of the analytes and lead to lower 
recoveries of CDDsiCDFs. Increasing the strengths of the acid and basic silica gel may also 
require different volumes of hexane than thn•e specified above co clute the analytcs off the mlumn. 
Therefore, the performance of the method after such modifications must be veJ·ified by the 
procedure in Section 9.2. 

13.4 Alumina Cleanup 

13.4.1 Place a glass-wool plug In a 15 mm ID chromatography column (Section 6.7.4.2). 

13.1.2 If using acid alumina. pack the column by adding 6 g acid alumina 
(Section 7.5.2.1). If using basic alumina. substitute li g basic alumina 
(Section 7.5.2.2) . Tap the column to settle the adsorbents. 

13.4.3 Pre-elute the column with 50-100 mL of hexane. Close the stopcock when the 
hexane is within 1 mm of the alumina. 

13.4.4 Discard l.he elu~te. Check t/1e column for channeling. If channeling Is present. 
discard the column and prepare another. · 

13.4.5 Apply the concent•·a te<.l extract to the column. Open the stopcock until the extract 
is within 1 mm of the alumina. 
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13.4.6 Rinse the receiver twke with 1 mL portions of hexane and apply separately to the 
column. Elute the interfering compounds with 100 mL hexane and discarrl the 
eluate. 

13.4.7 The choice of eluting solvents will depend on the choice of alumina (acid or basic) 
made in Secrion n.4 .2. 

13.4. 7.1 

13.4.7.2 

If using acid alumina, elute the CDDs/CDFs from the column with 
20 mL methylene chlorlde:hexane (20:80 v/v). Collect the eluate. 

1f using basic alumina. elute the CDDs/CDFs from the column 
with 20 mL rnethylene chlorine:hexane (50:50 v/ v). Collect the 
eluate. 

n.4.8 Concentrate the eluate per Sections 12.6 and 12.7 for further cleanup or injection 
into the HPLC or GC/MS. 

13.5 Carbon Column 

13.5.1 Cut both ends from a 10 mL disposahle serological pipet (Section 6.7.3.2) to 
produce a 10 em column. Flre-poUsh both ends and flare both ends if dP.sirerl. 
Insert a glass-wool plug ar one end, and pack the column with 0.55 g of 
Ca•·bopak/Celitc (Section 7.5.3.3) to form an adsorbent bed approximately 2 em 
long. Insert a glass-wool plug on lop of the bed to hold the adsorbent in place. 

13.5.2 Pre~lute the column with 5 rnL of toluene foJJowed by 2 mL of methylene 
chlorirle: mcthanol:toluene (15:4:1 v/ v). 1 mL of methylene chloride:cyclohexanc 
(1:1 v/v). and 5 mL of hexane. If the flow rate of eluate exceeds 0.5 mL/ minure. 
discard the column. 

13.5.3 When thP. solvent is within 1 mm of the column packing. apply the sample extract 
to the column. Rinse the sample container twice with 1 mL portions of hexane 
and apply separately to the column. Apply 2 rnt or hexane to complete the 
transfer. 

13.5.4 Elule l.he interfering compounds with two 3 mL portions of hexane. 2 rnl. nf 
methylene chloride:cydohexane (1 :1 v/v). and 2 mL of methylene 
r.hloride:methanol:toluenc (15:4:1 v/v). Discard the eluate. 

13.5.5 Invert the column, and elute the CDDs/CDFs with 20 mL of toluene. If cmhon 
particles are present in the eluate, 11lter through glass-fiber filter paper. 

135.6 Concentrate the eluate per Sections 12.6 and 12.7 for further cleanup or injection 
into the HPLC or GC/MS. 

13.6 HPLC: (Reference 6) 

13.6.1 Column calibration 
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I :\.li. 1.2 

13.6 1.3 

13.6.1.1 

Mefbod 1613 

Prepare a calibration standard containing the 2.3.7.8-substituted 
isomers and/or other isomers of Interest at a concentration of 
approximately 500 pg/j.iL in methylene drlorick 

Inject 30 j.!L of the calibration solution into the HPLC and record 
the ~ignal fr·om the detector. Collect the eluant for reuse. The 
elution order will be Clle tetra- through acta-isomers. 

E.~rahli~h rhe collcctlon time for Clle tetra-Isomers and for the olller 
isomers of inte=t. Following calibrnllon, nush the injection 
~ystem wirh copious quantities of methylene chloride. including a 
minimum of five 50 j.iL injections while thP detector is monitored, 
to ensure that residual CDDs/CDFs are removed from the system. 

Verify the c>~llhration with the calibration solution after every 
20 extracts. Callbratiuu is verified if the recovery of the 
CDDs/CDFs from the calibration standard (Section 13.6.1.1) b 75-
125% compared to the calibration (SP.Ct inn 13.6.1 .2). If calibration 
is nut verified, the system shall be reca!Jbrated using the 
calibration solullorr, and the previous 20 samples shall be re
extracted and cleaned up using the callbrdted systeur. 

13.6.2 Extract dearrup-HPLC requires that the column not be overloaded. Ti re cnl rr rnn 
specified in this method Is designed tu handle a maximum of 30 j.!L of extract. 
If the extract cannot be conccmrated to less than 30 j.iL. It I~ ~I) li t into frar.rions 
And rhe fractions are combined after elution from the co lumn. 

13.6.2.1 

13.6 2.2 

13.6.2.3 

13.6.2.4 

13.6.2.5 

Rinse the sides of tht- vial twice with 30 f!L of methylene chloride 
and reduce to 30 ).IL willl the evapordtiuu "PIIllratus (Section 12.7). 

Inject the 30 j.!L extract into the HPI .C.. 

Elute the extract using tire Clllihrarlon data determined In 
Section 13.6.1. Collect the frnction(s) In a clean 20 rnL conr.~nt r·mnr 

tube containing 5 ml.. of hexane:acetonc (1 :1 v/v). 

If an extract containing greater than 100 ng/ mL of total CDD or 
CDF is encountered. a 30 j.1L methylene chloride blank shall be run 
through the s~terrr to check for carry-over. 

Concentrate the eluate per Section 12.7 for lnjecllon into the 

CC/MS. 

13.7 Cleanup of Tissue Lipids- Lipids are removed from the Soxhlct extract using either the 
~rrt hrcrpr1genic isolation column (Section 13.7.1) or acidified s ilica gd (Set:lion 13.7.2), or· 

are removed frurit the HCI digP-~ted eXlract using sulfuric acid and base back-extraction 

(Section 13.7.3). 

13.7.1 Anthropogenic isol>~rion column (References 22 and 27)- Used for removal of 
lipids from the Soxhlet/SDS extraction (Section 12.4.1). 
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13.7.1.1 

13.7.1.2 

13.7.1.3 

13.7.1.4 

13.7.1.5 

13.7.1.6 

137.1.7 

13.7.1.8 

Prepare the column as given in Secrion 7.5.4. 

Pre-elute the column with 100 mL of hexane. Drain the hexane 
layer to the top of the column. but do not expose the sodium 
sulfate. 

Load the sample and rinses (Section 12.4.1.9.2) onto thP- ~ol ur nn by 
draining each portion to the top of the bed. Elute the CDDs/CDFs 
from the colunrn into tlte apparatus used for· cnnmn1n11:ion (Section 
12.4.1.7) using 200 mL of hexane. 

Conr.Miralc the cleaned up extract (Sections 12.6 through 12.7) to 
constant weight per Section 12.7.3.1. If more 1han 500 mg of 
material remains, repeat the cleanup using a fresh anthropogenic 
Isolation column. 

Redissolve the extract in a solvent suirahle for the additional 
cleanu1l.~ ro be used (Sections 13.2 through 13.6 and 13.8). 

Spike 1.0 mL of the cleanup standard (Section 7.11) into the 
residue/ solvent. 

Clean up the extract using the pro<.,-eclures in S~crinns l :1.2 through 
13.6 ~nd 13.8. Alumina (Section 13.4) or Flortstl (Section 13.8) and 
carbon (Section 13.5) are recormnenclecl as minimum additional 
cleanup s1e11~. 

Follr)wing cleanup. concentrate the extract to 10 pl."' c!P.~cribed in 
Section 12.7 a11d pruceed with the analysts In Section 14. 

n . 1.2 Acidified silica gel (Referenc:e 28)-Procedure alternate to the anthropogenic 
isolation column (Section 13.7.1) that is used for removal of lipids from the 
Soxhlet/SDS extraction ($e('rion 12.4.1). 

13.7.2.1 

13.7.2.2 

13.7.2.3 

13.7.2.4 

Adju~t the volume of hexane in the bottle (Sectlo11 12.4.1.9.2) to 
approximately 200 rn t. 

Spike 1.0 ml. of lhe cleanup standard (Section 7. ll) lulu IIi« 
residue/solvent. 

Drop the stirring bar into the bollle, plac.c the bottle on the stirring 
plate, ancl hegin s ti rring. 

Add 30·1 00 g of acid silica gel (Section 7 5 1.2) to lire hou l~ while 
stlning. keeping the silica gel in motion. Stir for two to three 
hours. 

NOTE: 30 grams of silica gtl sl10uM be adequate for mast samples and will mmimizt> 
contill11ina£ion from chis sourct. 
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13.7.2.6 
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After stirring. pour the extract through approximately I 0 g of 
granular anhydrous sodium sulfate (Section 7.2.1) containecl in ~ 
funnel with glass-fiber filter into a macro contration device (Section 
12.6). Rinse the bottle and sodium sulfate with hexane to r.omplete 
the transfer. 

Concentrate·the extract per Sections 12.6 through 12.7 and clean up 
the extract using the procedures in Sections 13.2 through 13.6 and 
13.8. Alumina {S~tion 13.4) or Florisil (Section !3.8) and carbon 
(Section 13.5) arc recommended as minimum add itional cleanup 
steps. 

13.7.3 Sulfuric acid and base back-extraction- Used with HCJ digested extracts (Section 
12.4.2). 

13.7.3.1 

13.7.3.2 

13.7.3.3 

13.7.3.4 

13.7.3.5 

13.7.3.6 

13.7.3.7 

Spike 1.0 mL of the cleanup standard (Section 7.11) into the 
residue/ solvent (Section 12.4.2.8.2). 

Add 10 mL of concentrated sulfuric add to the bottle. hntnediately 
cap and shake one to three times. Loosen cap in a hood to vent 
e.xcess pressu re. Cap and shake the bottle so that the 
residue/ solvent is exposed to the acid for a total time of 
approximately 45 seconds. 

Decant the hex~ne into a 250 mL scparatory funnel making sure 
that no acid is transferred. Complete the quantitative tntnsfer with 
SP.vP.ral hexane rinses. 

Back extract the solvent/residue with 50 mL of potassium 
hydroxide solution per Section 12.5.2. followed by two re~genl. 
\>Vater rinse~. 

Drain the extract through a filter funnel containing approximately 
10 g of granular anhyd rous sod ium su lfate in a glass-libcr filter 
into a macro concentration device (Section 12.6) . 

Concentrate the cleaned up extract to a volume suitable for the 
additional cleanups. given in Sections 13.2 through 13.6 and 13.8. 
Gel permeation chromatograplry (Section 13.2), alumina 
(Section 13.4) or Florisil (Section 13.8). and Carbopak/Celite 
(Section 13.5) are r·ecornmendecl as minimum arlrlitinnal cleanup 
steps. 

Following cleanup. concentrate the extract to 10 pL as described in 
Section 12.7 and proceed with analysis per Section 14. 

13.8 Florisil Cleanup {Reference 29) 

13.R.1 Pre-elute the activated Florisil colunm (Section 7.5.3) with 10 nrL of methylene 
chloride followed by I 0 mL of hexane:methylene chloride (98:2 vI v) and discard 
the solvents. 
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13.8.2 When the solvent Is within 1 mm of the packing. apply the sample extract (in 
hexane} to the column. Rinse the sample container twice with 1 mL portions of 
hexane and apply to the column. 

13.8.3 Elute the interfering compounds wllh 20 mL of hexane:methylenc chloride (98:2} 
and discard the eluate. 

13.8.4 Elute the CDDs/CDFs with 35 mL of methylene chloride and collect the eluate. 
Concentrate the eluate per Sections 12.6 through 12.7 for further cleanup or for 
Injection Into the HPLC or GC/MS. 

14.0 HRGCIHRMS Analysis 

14.1 Est.ahlish the operating conditions given In Section 10.1. 

14.2 Aclcl 10 pL of the appropriate internal standard solution (Section 7.12) to the sample 
extract Immediately prior to injection to minirnh:e the possibility of loss hy evaporation, 
adsorption, or reaction. If an extract Is to be reanalyzed and evaporation has occurred. 
do not add more instrument internal standard solution. Rather, bring the extract back 
to its previous volume (e.g .. 19 11L) with pure nonane only (18 IJL if 2 ~tL injections are 
used). 

11.3 Inject 1.0 pL or 2.0 pl. of the concentrated extract containing the Internal standard 
solution, using on-column or spl!tless Injection. The volume injected must be identic~ I 
to the volume used for calibration (Section 10). Start the CC column initial Isothermal 
hold upon injection. Start MS data collection after the solvent peak elut.es. Stop clat.a 
collection after the OCDD and OCDF have eluted. If only 2,3.7,8-TCDD and 2.3.7.8-TCDF 
are to be determined, stop data collection after elution of these compounds. RP.tul'll the 
column to the initi~l reulpP.rature for analysis of the next extract or standard. 

15.0 System and Laboratory Perfonnance 

15.1 At the beginning of e.ach 12-hour shift during which analyses are perfonned. GC/MS 
system performance and calibration are vP.t"ifiP.cl for all CDDs/ CDFs and labeled 
compounds. Fot· these tests, analysis of the CS3 calibration verification (VER) standard 
(Section 7.13 and Table 4} and the isomer specificity te.st standards (Section 7.15 and 
Table 5) shall be used to verify all performance criteria. Adjustment and/or rec<tlibrat.ion 
(Section 10) shall be performed until all performance criteria arc met. Only after all 
pP.rforrnancc criteria arc met may samples. blanks. IPRs. and OPRs be analyzed. 

15.2 MS Resolution- A static resolving power of at least 10.000 (10% valley dP.finition) must 
he dP.monstrated at the appropriate m/z before any analysts Is performed. Static 
resolvlng power checks must be performed at the beginning ancl at the encl of each 12· 
hour shift according to procedures In Section 10.1.2. Corrective actions must be 
impl~n·,ented wlt~never rhe rP$Olving power does not meet the requirement. 

15.3 Calibration Verification 

15.3.1 Inject the VER standard using the procedure In Section 14. 
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15.3.2 The m/z abundance ratios for all CDDs/CDFs shall be within the lirruts in Table 
9; otherwise. the mass spectrometer shall he adjusted until the m/z abundance 
ratios fall within the limits specified. and the verification test shall be repeated. 
If the adjustment alters the resolution of the mass spect.romer.er, resolution sh~ll 
be verified (Section 10.1.2) prior to repeat of the verification test. 

15.3.3 The peaks representing each CDD/CDF and labeled compound in the VER 
standard must be present wilh SIN of at least 10; otherwise. the mass 
spectrometer shall be adjusted and the verification test repeated. 

15.3.4 Compute the concentration of each CDD/CDF compound by isotope dilu tion 
(Section 10.5) for those compounds that have labeled analogs (Table 1). Compute 
the concentration of the labeled compounds by the internal standard method 
(Section 10.6). These con<:enr r·arions arc computed based on the calibration data 
in Section JO. 

15.3.5 For each compound, compare the. concentration with the cal ihration verification 
limit in Table 6. If only 2,3,7.8-TCDD and 2,3,7.8-TCDF are to be determined. 
compare the concentration to the limit in Table 6a. If all compounds meet the 
acceptance criteria. calibrarion ha~ been verified and analysis of standards and 
sample extracts may proceed. If. however'. any compound fails its respective 
limit, the measurement system is not performing properly for that compound. 
1n I his event, prepare a fresh calibration standard or con·er.t the problem causing 
the failure and repeat the resolution (Section 15.2) and verification (SecUorr 15.3) 
test~. or rccalibrate (Section 10). 

15.4 Retention Times and GC Resolution 

15.4. 1 Retention times 

15.4.U 

15.4.1.2 

15.4.2 GC resolution 

15.1.2.1 

15.4.2.2 

Octvb<:r 1994 

Absolute-The absolute retention times of the "Cr2-1.2.3.4-TCDD 
and r:rc,2-1,2.3,7,8.9-HxCDD GCMS internal standards in the 
verificarion test (Section 15.3) shall be within ±15 seconds of !.Ire. 
retention times obtain"d during calibration (Sections 10.2.1 and 
10.2.4). 

Relative - The relative retention times of CDDs/CDFs and labeled 
compounds in the verification test (Section 15.3) shall be within the 
limits given in Table 2. 

Inject the isomer speciflcity standards (Section 7.15) on their 
respective columns. 

The valley height between 2.3,7,8-TCDD and the other tetra-dioxin 
Isomers at m/z 319.8965. and between 2,3,7,8-TCDF and the other 
tetra-furan isomers at m/z 303.9016 shall not exceed 25% on their 
resp"<~tive columns (Figures 6 and 7). 
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15.4.3 If the absolute retention time of any compound Is not within the limits specified 
or if the 2.3,7.8-isomers are not resolved, the GC is not performing properly. lu 
this event, adjust the GC and repeat the verification test (Section 15.3) or 
recalibrate (Section 10). or replace the GC column and either verify <::nlihrntion or 
recalibrate. 

15.5 Ongoing Precision and Recovery 

15.5.1 Analyze the extract of the ongoing precision and recovery (OPR) aliquot (Section 
11.1.2.5. 11.5.4. 11.6.2. 11.7.4. or· 11.8.3.2) prior to analysis of sarnpiP.s frorn the 
same batch. 

15.5.2 Compute the concentration of each CDD/CDF by isotope dilution for those 
compounds that have labeled analogs (Section 10.5). Compute the concentration 
of 1,2,3,7,8.9-HxCDD. OCDF. and each labeled compound by the internal standard 
method (Sectiou 10.6). 

15.5.3 For each CDD/CDF and labeled compound, compare the concentration to the 
OPR limits given in Table 6. lf only 2.3.7,8-TCDD and 2.3.7.8-TCDF are rn he 
determined. compare the concentration to the limits in Table 6a. lf all compounds 
meet the acceptance criteria. system perfonnance is acceptable and ana lysis nf 
blanks ami samples rnay proceed. Jf, however, any individual concentration falls 
outside of the range given. the extraction / corrc;enrral inn pmcesses arc not being 
perfonned pr·operly for that compound. In this event. correct the probl~ur. re· 
prepare. extract. and clean up tire S>'~rllp le batch and repeat the ongoing precision 
and recovery test (Section 15.5). 

15.5.4 Add r·esull~ that pass the specifications in Section 15.5.3 to initial and previous 
ongoing data for each oompound in each matrix. Update QC charts to for1Tl a 
gr·aphic representation of continued laboratory perfom1anc.e. Develop a statement 
of laboratory accuracy for each CDD/CDP in each matrix type by calculating the 
average percent recovery (R) and the standard devialion of percent recovery ($n). 
Express the accuracy as a recovery interval from R-2$• to R+2~ . Pur exarrrple., 
if R ~ 95% and SR = 5%. the accuntcy is 85-105%. 

15.6 Blank - Analyze the method blank extracted with each sample batch immediately 
following analysis of the OPR aliquot to demonstrate freedom fr·om contamination and 
freedom from carryover from the OPR analysis. The results of the analysis of the blauk 
must meet the specifications In Section 9.5.2 befr.u-e sample analyses may proceed. 

16.0 Qualitative Determination 

A COD. CDF. or labeled compound is identified in a standard, blank. or sample when 
:,rll of 1 hP. r:ri reria in Sections 16.1 through 16.4 are met. 

16. 1 The signals for the two exact rn/z's in Table R must be present and must maximize 
with in the same two seconds. 

16.2 The signal-to-noise ratio {S/ N) for the GC peak at eaclr exact m/z must be gr'f'.ater than 
or equal to 2.5 fur each COD or CDF detected in a sample extract. and greater than or 
equal to 10 for all CDDs/CDfs in the calibratiurr standard (Sections 1 0.2.3 and 15.3.3). 
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16.3 The ratio of the Integrated areas of the two exact rn/z's specified in Table 8 must be 
within the limi t in Table 9, o•· within ± 10% of the ratio in the midpoint (CS3) calibration 
or calibration verification (VER). whichever is most recent. 

16.4 The relative retention time of tlte peak for a 2.3,7,8-substituted COD or CDF must be 
within the limit in Table 2. The retention time of peaks representing non-
2,3,7,8-substituted CDDs/CDFs must be within the retention time windows established 
in Section I 0.3. 

!6.5 Confirmatory Analys is-Isomer specificity for 2,3,7.8-TCDF cannot be achieved on the 
DB-5 column. Therefore, any sample in which 2.3.7.8-TCDF is identified by analysis on 
a DB-5 column rnust t.ave a confi rmatory analysis performed on a DB-225. SP-2330, or 
equivalent GC column. The operating conditions in Section 10.1.1 may be arljustecl to 
optimize tl1e analysis on the second CC column, but the GC/MS must meet the mass 
··~-~olution and calibration spedflcations in Section 10. 

16.6 if the criteria for identification in Sections 16.1 through l6.5 are not met. the COO or COF 
has not been identified and the results may not be reported for regulatory compliance 
purposes. If interferences preclude identification, a new aliquot of sample must be 
extracted. fu rl he•· cleaned up. and analyzed. 

17.0 Quantitative Determination 

17.1 Isotope Dilution Qu~ntit.ation-By adding a known amount of a labeled compound to 
every sample prior to extraction. correction for recove•y of the CDD/CDF can be made 
because the CDO/CDF and its labeled analog exhibit similar effects upon extraction. 
concentration. and gas chromatography. Relative response (RR) values are used in 
conjunction with the initial calibration data described in Section 10.5 to determine 
concentrations directly. so long as labeled compound spiking levels are constant. using 
the following equation: 

where. 

(Al. + Al.) c; 
c;, (~(nq - (A1

1 
+ A!

1
) ffi 

c .... = The concentration of the CDD/CDF in the extract. and the other terms 
are as defined in Section I 0.5 .2. 

17.1.1 Because of a potential interference. the labeled analog of OCDF is not added tu 
the sample. Therefore. OCDF is quantitated aga inst labeled UCDD. As a result. 
the concentration of OCDF Is corrected for the recovery of the labeled ocnn. In 
instances where OCDD and OCDF behave differently during sample extraction. 
concentration, and cleanup procedures. this may decrease the accuracy of the 
OCDF ··esults. However, given the low toxicity of this compound relative to the 
other dioxins and furans. the potential decr~.ase in accuracy is not considered 
significant. 
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17.1.2 Because rlC,-1.2.3.7.8.9-HxCDD is used as an instrument internal standard 
(i.e .. not added before extri!Ctlon of the sample). it cannot be u~ to quantitate 
the 1.2.3,7,8.9-HxCDD by strk1isotope dilution procedures. Therefore. 1.2.3.7.8.9-
HxCDD is quantitated using the averaged response of the labeled analog~ of the 
other two 2.3.7,8-subslltuted HxCDD's: 1.2.3,4,7,8-HxCDD and 1,2,3,6,7,8-HxCDO. 
As a result, the conoenrratlon of 1,2.3,7,8,9-HxCDD Is corrected for the average 
recovery of the other two ! !xCDD's. 

17.1.3 Any peaks representing non-2.3.7.8-substilutetl CDOs/CDFs are quanti tated using 
an average of tire responsP. f"act.ors from all of the labeled 2.3.7.8-lsomers ~t tlae 

same level of chlorination. 

17.2 lntemal Standard Quantitatlon and Label'='tl Compound Recovery 

17.2.1 Compute the concentrations of 1.2.3.7.8.9-HxCOO, OCDF, the rlC-labcled analogs 
and the "C-labeled cle~tnup standard in the exrract using the re!>JlOrL,P factors 
determined from the lnltlal calibration data (Section I 0.6) and the following 
equation: 

where. 

(AI • 112,) <;, 
c;, (ngfriQ = (AI,: + 112,,} FF 

c .. = T he concentration of th~ COD/CDF in the extract. and the other 
terms ar·e as defi ned in Section 10.6.1. 

NOTE: There is only or1e mh tnr cilc ~1CI-Iabeled standard. 

17.2.2 Using the concentration in the extract determined above, rornpute the percent 
recovery of the r1C-Iabeled conrprmnds-and-thcll C-labeled cleanup st<tutl;ml '"ing 
the following P.quation: 

R< . {'9 • Gm:ertrotionfounl ('!ifnlJ x 100 
cnvery Cbrrwtratiorr s]iud (~gfnQ 

17 3 TitP. concentration of a CDD/CDF in the ~ulid phase of the sample IS computed u~i rrg tlr~ 
concentration or the compound In the extract and the weighr of rhe solids (Section 11.5.1). 
as follows: 

where. 

( fk} 
(<;,X ~,) 

Cbnccrd ratiorr i11 solid nx x = ~;:_....;.;:;.. 
!'}' 

C.., = The concentration or r he compound in the extract. 
V.., = The extract volume In mL. 
W, = The s;<rnple weight (dry weight) in kg. 

17.4 nw. concentration of a CDD/COf In the aqueous phase of the sample is computed using 
the concentration of tire <:OrllJ)()uncl in the extract and the volume of Wlittr t'.xrrar.ted 
(Section 11.4 or 11.5), as follows: 
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where. 

(lm:entrali Oil ill aqr.eous pltase (pg/Q ~ 

c,. = The concentration of the compound i11 the extrar.r. 
V,, = The extract volum"' in mL. 
V, = The sample volume In liters. 

Method 1613 

17.5 If the SICP area at either quantitarion m/z for any compound exceeds the calibration 
r·ange of the system. a smaller sample aliquot is extractecl. 

17.5.1 For aqueous samples containing 1% solids or less, dilute 100 mL. 10 rnL. etc .. of 
sample to I L with r·eagenr water and re·prepare, extract. clean up. and a11aly:te 
per Sections 11 through 11. 

17.!i.2 for samples containing greater titan 1% solicls, P-Xtmct an amount of sample equal 
to 1/10. 1/100, etc., of the amount used In Section 11.5.1. Re·prepare, ex1 ract. 
clean up. and analyze per Sections 11 1hrough 14. 

17.5.3 If a smaller sample size will not be reprP.~emative of the entire sample. dilute the 
sarrrpiP. extract by a factor of 10, adjust the corrr.:errlration of the instrument 
internal standard to 100 pg/pL in the extract. and analyze an ali4uot of this 
diluted extract by the internal standard method. 

17.6 Results ar·e reported to three significant figur~.s for· the CODs/ CDFs and labeled 
compounds found in all slanclards, blanks. and samples. 

17.6.1 Reporting units and levels 

17.6.1.1 

17.6.1.2 

17.6.1.3 

17.6.1.4 

Ocwb<>r 1994 

Aqueous samples-Report resulls in pg/L (parts-pcr·quadrlllion). 

Samples containing grearer than 1% solids (soils. sediments. filter 
cake, compost) - Report results in ng/ kg based un thP. clry weight 
of the sample. Report the percent solids so that the result may be 
corrected. 

Tissues- Report results in ng/kg or wet tissue, nm on the basis of 
the lipid content of the sample. Report the percent lipid content. 
so tlr~l tire rl a1a user can calculate the concentration on a lipid 
basts If desired. 

Reporting level 
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17.6.1.4.1 

17.6.1.4.2 

Standards (VER. IPR. OPR) and samples-Report 
results at or above the minimum level (Table 2). 
Report results below the minirnum level as nul 
detected or as required by the regulatory authority. 

Blanks - Report results above one-third the ML. 

17.6.2 Results for CDDs/CDFs in samples that have been diluted are reponed at the 
least dilute level at which the areas at the quantitation m/z's are withi11 the 
calibration range (Section 17 .5). 

17.6.3 For CDDs/CDFs having a labeled analog, results arc reported at the least dilute 
level at which the area at the quanlitalion m/z is within the calibration range 
(Section 17.5) and the labeleci compound recovery is within the normal range for 
the method (Section 9.3 and Tables 6. 6a. 7. anti 7a) . 

17.6.4 Add itionaliy. if requested, the total concentration or all Isomers in an individual 
level of chlorination (i.e .. toral TCDD, total TCDF. total Paced. etc.) may be 
reported by summing the concentrations of all isomers .idenr ilied in that level ot' 
chlorination. including both 2,3,7,8-substituted and non-2.3,7,8-substituted 
i.soJners. 

18.0 Analysis of Complex Samples 

18. 1 Some samples may contain high levels (>10 ng/L: >1000 ng/kg) of' the compounds of 
interest. Interfering compounds, anci/or polymeric materials. Some exu·acls will nor 
concentrate to 10 !JL (Section 12.7) ; others may overload the GC column and/or mass 
spectrometer. 

18.2 Analyze a smaller aliquot or the sample (Section 17.5) when the extra'l w ill nnr 
cunc~nrr~re to 10 IlL after all cleanup procedures have been exhausted. 

18.3 Chlorodiphenyl Ethers-If chrornarngraphic peaks are detected at the retention rim., or 
any CDDs/CDFs in any of the m/z channels being monitored for the chlorodtphenyl 
ethers (Table 8). cleanup proceciures must be employed until these interler·ences arc 
removed. Alumina (Section 13.4) and Florisii (Section 13.8) are recommended for 
removal of chlorotliphenyl ethers. 

18.4 Recovery of Labeled Compnunds-ln most samples, recoveries of the labeled compounds 
will be similar to those from reagent warer or from the alternate matrix (Section 7.6) . 
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18.4.1 If the recovery of any or the l~beled compounds is outside of the normal range 
(Table 7). a diluted sample shall be analyzed (Seer inn 17.~). 

18.4.2 If the recovery of any of the ial.>eled compounds in the d!luted sample is outside 
of normal range, the calibration verification standar'd (Section 7.13) shall be 
analyzed and caliirrarion verified (Section 15.3). 

18.4.3 If the·caiibrarion cannot be verified. a new calibration must be perfonneci and rhe 
original sample extract reana lyzed. 
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18.4.4 If the calibration Is verified and the diluted sample doe.~ not meet the limiL~ for 
labelerl compound recovery, the method does not apply to the sample being 
analyzed and the result may not be r~ported for regulatory compliance purposes. 
In this case, alternate extraction and cleanup procedures In this method must be 
employed to resolve the interfer-ence. If all cleanup procedures in this method 

have bet~n employed and labeled compound recovery remains outside of the 
normal range, extraction and/or cleanup procedures that art: beyond this smpe 
of this method wiU be requin><l to analyze these samples. 

19.0 Pollution Prevention 

19. 1 The solvents used In this method post~ little threat to the environment when managed 
properly. The solvent evaporation techniques used in this method At'e amenable ro 
solvent recovery. and It Is recomrnentlt:d rl'"' the laboratory recover solvents w herever 
feasible. 

19.2 Standards should be preparerl in volumes consistent with laboratory use ro minimize 
tlispnsRI of' standards. 

20.0 Waste Management 

20.1 It i:, the laboratory's responsibility to comply with all federal. state. and local regulations 
governing waste management, panicularly the hazardous wast~ identifir.lltion rules and 
land d ispOiiAI t'P.strictions, and to prote<.:t the air, wmer, and land by minimizing and 
controlling all releases from fume hoods and bench operations. Compliance is also 
relJuiretl with any sewage discharge penults anrl regulations. 

20.2 SarnpiP.~ containing I ICI to pH <2 are hanm1ous and must be neutralized before being 
poured down a dr.tirr or must be handled as hazardous wasrP. 

2U.3 The CDDs/CDF~ rlecompose above soo•c. Low-level wa~tc such as absorbent paper. 
tissues. animal remains. and plastic gloves may be bumed in an appropriate incinerator. 
Gross lJuantitie~ (milligrams) should be pa~kagerl securely and disposed of through 
commercial or governmental r.hannc ls that are capable of hand ling extremely toxic 
waste.s. 

20.4 Liquirl or soluble waste should be dissolver! in methanol or ethanol and irradiated willr 
ultraviolet light wit h a wavelength shorter than 290 nrn fur several days. Use F4U BL or 
equivalent lamps. Analyze !iquiri wastes. and dispose of the solutions when thP 
CDO,/ COFs r.an no longer be detected. 

20.5 For further Information on waste management, consult "The Waste Management Manual 
for Laboratory P~··sonnel" and "Less Is Better-Laboratory Clwrnica l Management for 
Waste Reduction." available from the American Chemical Society's Department of 
Goven11nenr Relations and Science Polley. 1155 16th Street N.W., Wash ington. O.C. 
20036. 

21.0 Method Perfonnance 

Method performance was validated and performance specifil".ttiun~ w.er e developed u.~ing 
data from EPA's intemational inrerlahoratory validation study (References 30-31) and the 
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EPA/paper industry Long-Term Variability Study of discharges from the pulp anrl paper 
Industry (58 FR 66078). 
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23.0 Tables and Figures 

TABLE 1. CHLORINATED DffiENZO-P-DIOXlNS AND FURANS DETERMINED BY 
ISOTOPE DILUTION AND INTERNAL STANDARD HIGH RESOLUTION GAS 

CHROMATOGRAPHY {HRGC)IHIGH RESOLUTION MASS SPECTROMeTRY (HRMS) 

CDDSfCDFs 1 CAS Registry Labeled analog CAS Registry 

2.3.7.8 TCDD 1716-0l-6 13C12-2,3,7,R-TCDD 76523-40-5 
31CI4-2.3.7,8-TCDD 85508-50-5 

Total TCDD 41903-57-5 

2.3.7.8-TCDF 51207 31-9 "C,2-2.3.7.8-TCDF 89059-46-1 

Totai-TCDF 55722-27-5 

1,2,3, 7,8-PcCDD 40321-76-4 13C12-1 ,2,3.7,R-PeCDD 109719-79-1 

Total·P~DD 36088-22-!1 

1.2.3.7.8-PeCDF 57117-41-6 '"C12-1.2.3. 7 .8-PeCOF 109719-77-9 

2,3,4,7,8-PeCOF 57117-31-4 13C.,-2.3,4,7,8-PeCDF 116843 02 8 

Totai-PeCDF 30402-15-4 

I ,2,3,4,7,8-HxCDD 39227-28-6 "C,-1.2.3,4,7.8-HxCDD I 09719-80-4 

1.2.3.6. 7 .8-HxCDD 57653 85-7 "C,-1.2.3.6,7,8-HxCDD 10!1719-81-5 

1.2.3.7.8.9-IIxCDD 1 !!408-7 4-3 "C,2-1.2.3.7 .8.9-HxCDD 109719-82-6 

Tola1-HxCDD 34465-46-8 

1.2.3.1.7.8-HxCDF 70648 26 9 "C,.-1 .2.3.4.7,8-HxCDF 114423-98-2 

1.2.3.6.7 .8-HxCDF 57117-44-9 "C,-1.2.3.6. 7 .8-HxCDF 116843-03-!l 

I ,2.3.7 ,8.9-HxCDF 72918-21-9 "C12-1,2.3.7 .8.9-1 IxCDF 116843-04-0 

2.3.4.6.7.8-HxCDF 60851 34-5 13C,-2.3.4,6,7.R-HxCDF 116843 OS I 

Total-! !xCDF 55684-94-1 

1,2,3,4,G.7 ,8-HpCDD 35822-46-9 1'<:12-1 ,2.3,4.6.7.8 I lpCDD 109719-83-7 

TotaJ-HpCDD 37811-00-4 

1.2.3.4.6.7.8-HpCDF 67562-39 4 '"C12-1,2.3.4.6.7.8-HpCDF I 0!)719-84-8 

1.2.3,4.7 .8.9-HpCDF 55673-89-7 13C12-1.2.3.4. 7.8.9-HpCDF I 097 19-94-0 

Toi ~l-HpCDF 38998-75-3 

OCDD 3268 87-9 "C,-OCDD 11442:!-97 I 

OCDF 3DOOI-02-0 not used 
1 Chlorinated dlbenzo-p-dimdns and l:hlol'lnaled dibcnzofurans 
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TCDD = Telrachlnrndihem.n-p-c1imdn 
PcCDD = Pentachlorodlbenzo-p-dloxln 
HxCDD = Hexachlorodibcnzo-p-dloxln 
HpCDD ~ Heptach1orcx1il'>PJ17.0·p-dioxin 
UCUU = Octachlorodlbenzo-p-dloxJn 

TCDF = Tetrachlorodib<mzor u r~ 11 

PeCDF = Pemachlorodibcnzofuran 
I !xCDF = Hexachloro<.lih+'II/.Oru,·an 
HpCDF = Heptachlorodlbenzofuran 
OCDF - Ocrac.hlorodibenzofuran 
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TABLE 2. RETENTION TIME REFERENCES. QUANTITATION REFERENCES. 
RELATIVE RETENTION TIMES. AND MINIMUM LEVELS FOR COOS AND CDFS 

Minimum level' 

Retention time Relative Water Solid Extract 
and quantitation retention (pg/L; (ng!kg; (pglpL; 

CDD/CDF reference time ppq) ppt) ppb) 

Compounds using 13C1z-l.2.3.4-TCDD as tl1e iiyeclion intemal standard 
2.3.7,8-TCDF "C,2-2.3,7.8-TCDF 0.999-1003 10 1 0.5 

2.3.7.8-TCDD 13C12-2,3,7,8-TCDD 0.999- 1.002 10 1 0.5 

1,2.3.7.8-PeCDF 13C,-1 .2.3.7 .8-PeCDF 0.999-1002 50 5 2.5 

2.3.4.7.8-PeCDF "C,-2,3,4,7 ,8-PeCDF 0.999- 1002 50 5 2.5 

1,2.3.7.8-PeCDD 13C12-1.2.3.7 .8-PeCDD 0.999- 1.002 50 5 2.5 
13C12-2,3,7,8-TCDI' 13C,z· l.2.3.4-TCDD 0.923- 1.103 
13C,-2.3.7.8-TCDD uc,,-1,2,3,4-TCOD 0.976- 1.043 

"'Cl,-2.3.7.8-TCDD '3C12-1.2.3.4-TCDD 0.989-1.052 
13C12-1,2,3,7,8-PeCOF "C,z-1.2.3.4-TCDD 1.000- 1.425 

"C,-2.3.1.7.8-PeCDF 13C12-1.2,3,4-TCDD 1.011- 1.526 

"C,2-1.2.3.7.8-PeCDD 13C12-1.2.3.4-TCDD 1.000- 1.567 

Compounds using '·'C"·l.2.3.7,8.9-HxCDV as the injecrfon internal standard 
1,2,3,4,7 .8-HxCDF 13C,-1.2.3. 4.7 .8-HxCDF 0.999-1.001 50 5 2.5 

1.2.3.6.7.8-HxCDF "C,2-1 .2.3,6,7.8·I-IxCDF 0.997-1.005 r,o 5 2.5 

1,2.3,7.8.9-I-IxCDF 13C"·l.2.3. 7,8,9-HxCDF 0.999 1.001 50 5 2.5 

2,3,4,fi, 7,8-HxCDF ' 3C12-2,3,4,6.7.8.-HxCDF 0.999-1001 50 5 2.5 

1.2.3.4.7.8-HxCDD "C12-1 ,2.3,4,7,8-IixCDD 0.999-1.001 50 5 2.5 

1.2.3.6.7,8-IixCDD "C12-1,2,3,6,7,8,-HxCDD 0.998- 1.004 50 5 2.5 

1,2.3.7,8,9-HxCDD - ' 1.000- 1.019 so 5 2.5 

1,2,3,4,6,7,8-HpCVF 13C,-I.2.3. 4.6. 7.8-HpCDF 0.999-1.001 50 5 2.5 

1.2.3.4.7.8.9-HpCDF "C12-1,2,3.4,7,8,9-IIpCDF 0.999-1.001 so 5 2.5 

1.2.3.4,6.7.8-HpCDD 13C12-1 ,2,3,4,6,7,8-HpCDD 0.999- 1.001 50 5 2.5 

OCDF 13C12-0CDD 0.999- 1.008 100 10 5.0 

OCDD "C.,-OCDD 0.999-1.001 100 10 5.0 
13C12-1.2.3.4. 7.8-HxCDF '3C.,-1 ,2,3,7,8,9-HxCDD 0.944 0.970 
13C,'-·1.2.3.6. 7 .8-HxCDF "C,2-l ,2,3, 7 ,8.9-HxCDD 0.949-0.975 

"C,2-1.2 .3. 7 .8.9-HxCDF ' 3C12-1.2.3.7.8.9-HxCDD 0.977- 1.047 

' 3C12-2,3,4.6, 7 .8.-HxCDF '"C,1-1.2.3. 7 .8.9-HxCDD 0.959- 1.021 
llC1z·1.2.:l,4,7,8-HxCDD 'lC: 12-1 ,2,3,7 .8,9-HxCDD 0.977 1.000 
13C12-1.2.3.6. 7.8-HxCDD 13C12-l ,2,3, 7 ,8,9-HxCDD 0.981-1.003 
"C,z-1.2.3. 4.6. 7.8-IipCDF >lC,-1.2.3.7.8.9-HxCDD 1.043- 1.085 
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TABLE 2. RETENTION TIME REFERENCES. QUANTITATION REFERENCES, 
RELATIVE Rl"''ENI10N TIMES, AND MTNIMUM LEVELS FOR COOS AND COFS 

COD/COt' 

Retention lime 
and quanUtallon 

reference 

Relative 
retention 

time 

"C,-1.2.3.4. 7 ,8,9-H pCDF 1'C11-1.2.3. 7 .8.9-HxCDD 1.057-1.151 

"C,z- 1.2.3.4.6.7.8-HpCDD ''C12-1 .2,3,7.8,9-HxCOD 1.086-1.110 

' 3C,,-ocoo "C,2-i.2.3.7.8.9-Hxcoo 1.032 1.311 

Minimum level' 

Water 
(pgll.; 
ppq) 

Solid 
(ng/kg; 

ppt) 

Extract 
(pglpL; 
ppb) 

1The Minimum Level (ML) for each analyte Is dehnw as the level at which the entire 
analytical system must give a recogni7.ahlc signal and acceptable calibrdtlon point. It is 
equivalent to thP. concentration of the lowest calibr~ t ion standard, assuming that all 
method-specified sample weights. volumes, and cleanup procedures h;;vt\ been employed. 

"l:hc retention time reference for 1,2,3,7,8,9-HxCDD ts3 C,.-1.2.3,6,7,8-HxCDD, and 
1.2.3.7.8,9-HxCOD L~ quantified using the averdged responses for "'C11 1.2.3.4,7.8-HxCDD am! 

"C,-1 ,2.3.6.7.8 llxCOO. 
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TABLE 3. CONCENTRATION OF STOCK AND SPIKING SOLlTTIONS CONTAIN£NG 
CDDSICDFS AND LABELED COMPOUNDS 

CDD/CDF 

2.3.7.8-TCDD 
2.3.7.8-TCDF 
1.2.3. 7.8-PeCDD 
1.2.3.7.8-PeCDF 
2.3.4.7,8-PeCDf 
1.2.3.4.7.8-IibtCDD 
I .2.3.6. 7.8-HxCDD 
1.2.3. 7 .8.9-IibtCDD 
1.2.3,4,7,8-HxCDF 
1.2.3.6.7.8-IibtCOF 
1.2,3, 7 ,8.9-HxCDF 
2.3,4.6.7.8-HxCOF 
1.2.3,4,6.7.8-HpCDD 
1.2.3.1.6.7.8-HpCDF 
l.U,4,7.8.9-HpCDF 
ocoo 
OCDf 
"C,,-2.3.7.8-TCDD 
"Cw2.3.7.8-TCDF 
13C1r 1,2,3,7.8-l'eCDD 
"C.,-1.2.3.7.8-PeCDF 
''C11-Z.3.4.7.8 PeCDF 
'>c.,-1.2.3.4. 7 .8-HxCDU 
''C1r l.2.3.6.7.8-HxCDD 
•>c,2-1,2,3,4,7.8-HxCDF 
'lC11-1.2.3.6. 7 .8-HxCDF 
"C1r 1.2,3,7 .8.9-HxCDF 
'>c.,-2.3.4.6.7.8-HxCDF 
"C., 1.2.3.4.6.7.8-HpCDD 
'3(; 1r I .2.3,4,6.7 ,8-HpCDF 
'lC ,-1.2.3 .4. 7 .8.9-HpCDF 
"Cu-OCUD 

Cktobtr 1994 

Gbeled Labeled 
Compound Stock Compound PAR Stock 

Solution 1 Spiking Solution 2 Solution 1 

(ngfm L) (ng!mL) (ng/mL) 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
tOO 
100 
200 

2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 

40 
10 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
100 

PAR Spliting 
Solution • · 
(ng/mL) 

0.8 
0.8 
4 
1 
4 
4 
4 
4 
1 
4 
4 
4 
4 
4 
4 
8 
R 
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TABLE 3. CONCENTRATION OF STOCK AND SPIKING SOLUTIONS C01'ffAINlNC 
CODS/CDFS AND LABELED COMPOUNDS 

CDD/CDF 

Cleanup Standarrl 1 

37CI,-2.3.7 .8-TCDD 

Internal Standards 6 

13C12-1,2,3,4-TCDD 
"Cw 1.2.3. 7.8.9-HxCDD 

Labeled Labeled 
Compound Stock Compound PAR Stock 

Solution 1 Spiking Solution 1 Solution ' 
(ng/mL) (ng/mL) (nglmL) 

Concentratlon 
(nglmL) 

O.R 

200 
200 

1 Section 7.10 prepared In nonane ann rlilutcd to prepare spiking solution. 
2 Section 7. 10.3-prP.parcd in acetone from stock wlui ion daily. 
3 Section 7.9 prepared In nonane ann diluted to prepare spiking sulution. 
• Section 7.14-prepared in acetone from stock solution daily. 
'Section 7.11 prepared In nonane and added to extract prior to cle~utup. 

PAR Spiking 
Solution • 
(ng/rnl.) 

0 Section 7.12-prepared in nonane and added to lloP concentrated extract Immediately prior 
ro injection into the GC (Section 14.2). 
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TABLE 4. CONCENTRATION OF CDDSICDFS IN CALIBRATION AND 
CALIBRATION VERIFICATION SOLUTIONS ' (secrion 15.3) 

csz CS3 CS4 css 
CDD/COF (ng/mL) (ng/mL) (nglmL) (ng/mL) 

2.3. 7 ,8-TCD D 0.5 2 10 40 200 

2,3,7.8-TCDF 0.5 2 10 40 200 

1.2.3.7.8-PeCDD 2.5 10 50 200 1000 

1.2.3.7.8-PeCDF 2.5 10 50 200 1000 
2,3,4,7,8-PcCDF 2.5 10 50 200 1000 

1.2.3.4.7.8-HxCDD 2.5 10 50 200 1000 

1,2,3,6,7,8-HxCDD 2.5 10 50 200 1000 

1.2.3,7,8,9-HxCDLJ 2.5 10 50 200 1000 

I .2.3.4.7.8-HxCDF 2.5 10 50 200 1000 

I ,2,3,6,7,8-HxCDF 2.5 10 50 200 1000 

1,2.3.7.8.9-HxCDF 2.5 10 50 200 1000 

2.3.4.6, 7 ,8-HxCDF ~5 10 50 200 1000 

1.2.3.4.6,7,8-HpCDD 2.5 10 50 200 1000 

1.2,3.4.6.7,8-HpCDF 2.5 10 50 200 1000 

I ,2,3,4,7,8,9-HpCDF 2.5 10 50 200 1000 

OCDD 5.0 20 100 400 2000 

OCDF 5.0 20 100 400 2000 

"C, -2.3.7 ,8-TCDD 100 10() !00 100 100 

"C12-2.3.7 .8-TCOF 100 100 100 100 100 

"C1r 1.2.3,7.8-PeCDD tOO 100 100 100 100 

''C,rPeCDF 100 100 100 100 100 

"C,-2.3.4. 7.8-PeCDF 100 100 100 100 100 

"c 11-1.2.3 .4 .7 .8-HxCDD 100 100 tOO 100 100 
13C,-I ,2,3,6,7 .8-1 IxCDD 100 100 !00 100 100 

"C,.-1.2.3,4, 7 ,R-HxCDf !00 100 100 100 100 

"C,1 1.2.3.6.7.8-HxCDF 100 100 100 100 lOU 
1"<: 11-1 ,2,3,7,8,9 I IxCDP 100 100 100 100 100 

"Cu·l .2.3.~.6.7,8-HpCDO 100 100 tOO 100 100 
"C,1 1.2.3.4.6.7.8-HpCOF 100 100 100 100 tOO 

"C,-1.2.3.4.7,8,9 I lpCDF 100 100 100 tOO 100 

"C,-OCDD 200 200 200 200 200 

Cleanup Standarcl 
3'CI,-2.3.7.8-TCDD 0.5 2 10 40 200 

Internal Standlircl~ 
"C1r l.2.3.4-TCDD 100 100 100 100 100 
'"<:,1-1 ,2,3,7,8,9-HxCDU 100 100 100 100 100 
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TABLE 5. GC RETENTION TIME WINDOW DEFINING SOLUfiON AND ISOMER 
SPECIFICITY TEST STANDARD (SECTION 7.15) 

DB-5 Column GC Retention-Time Window Defuling Solution 

CDD/CDF First Eluted Last Eluted 

TCOF 
TCDD 
PcCDF 

PeCDD 
I IxCDF 
HxCOD 
HpCDF 
HpCDD 

1.3.6.8· 
1.3.6.8· 

1.3.4.6.8· 
1.2.4 .7.9 

1,2,3,4.6.8-
1.2.1.6.7.9-

I ,2.3.4.G.7.H· 

1.2.3.4.6. 7 .9· 

DB-5 Column TCDD Specificity Test Standard 

1.2.3.7 + 1.2.3.8-TCOO 
2,3,7.8-TCDD 
1.2.3.9-TCDD 

1.2.8.9-
1.2.8.9· 

1 ,2,3,8,9· 
1.2.3.8.9· 

1.2.3.1.8.9· 
1 ,2,:1,4,6.7. 

1.2.3.4. 7 .8.9· 
1.2.3.4.6.7.8 

DB-225 Column TCDF Isomer Specificity Tesr Sranrlarcl 

2,:1,4.7-TCDF 
2,3,7.8-TCDF 
1,2,3,9-TCDF 
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TABLE 6. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ALL 
CDDS/CDFS ARE TESTED 1 

IPR 
Test 

Cone. s X OPR VER 
CDD/CDF (ng!mL) (ng/mL) (nglmL) (ng/mL) (ng/mL) 

2.3.7.8-TCDD 10 2.8 8.3-12.9 6.7- 15.8 7.8- 12.9 

2,3,7.8-TCDF 10 2.0 8.7-13.7 7.5-15.8 8.4-12.0 

1,2,3. 7,8-PeCDD 50 7.5 38-66 35-71 39-65 

1,2,3.7,8-PeCDF 50 7.5 43- 62 40- 67 41 60 

2,3,4,7,8-PcCDF 50 8.6 36- 75 34-80 41 -61 

1.2.3.4.7.8-HxCDO 50 9.4 39-76 35- 82 39-61 

1,2,3,6,7,8-HxCDD 50 7.7 42-62 38-67 39- 64 

1.2.3.7 ,8.9-HxCDD 50 11.1 37-71 32- 81 41 - 61 

' 
1.2.3,4,7.8-HxCDF 50 8.7 41 59 36- 67 45- 56 

I ,2,3,6.7,8-HxCDF 50 6.7 46-60 42- 65 44 57 

1.2.3. 7 .8.9-H xCDF 50 6.4 42-61 39- 65 45-56 

2,3.4.6.7.8 -HxCDF 50 7.4 37 74 35-78 44-57 

1.2.3,4,6,7,8-HpCDD 50 7.7 38-65 35- 70 43 58 

1.2 .. 3.4.6.7.8-HpCDF 50 6.3 45-56 41 - 61 45-55 

1 ,2,3,4,7.B,9-HpCDF 50 8.1 43- 63 39- 69 43-58 

OCDD 100 19 89- 127 78-144 79 126 

OCDF 100 21 71-146 63- 170 63-159 

"Cw2.3,7,8-TCDD 100 37 28- 134 20- 175 82-121 

"C,<-2 .3.7 .8· TCDF 100 35 31- 113 22-152 71 140 
13C,2-l ,2.3,7,8-PeCDD 100 39 27-181 21-227 62-lGO 
13C12-I ,2,3,7,8-PeCDF 100 34 27-156 21-192 76-130 
13C12-2.3.4.7,8-PeCDF 100 38 16- 279 13-328 77- 130 
13C.,-1.2 .3.1.7.8-HxCDD 100 41 29- 147 21-193 85- 117 

" C "-1 ,2,3.6.7 ,8-HxCDD 100 38 34-122 25 163 85- 118 
13C: 12-1 ,2,3,4.7 ,8-HxCDF 100 13 27- 152 \9-202 76 131 
13C"·1 .2,3,6,7,8-HxCDF 100 35 30-122 21-159 70- 143 

'"C,2-1.2.3. 7 .8 .9-HxCDF 100 40 24- !57 17- 205 74-135 

"C12-2,3,4,6. 7 .8 .-HxCDF 100 37 29- \3(i 22- 176 73 137 
13C12-1,2,3,4,6,7,8-HpCDD 100 35 34-129 26-166 72-138 

"C.,-1.2.3.4.6. 7 .8-H pCOF \00 41 32- 110 21-158 78-129 

" C,-1.2.3.1. 7 .8.9-HpCDF 100 40 28- 141 20 186 77 129 

"C,~-OCDD 200 95 41 - 276 26-397 96- 415 

"CI,-2.3, 7 .8-TCDD 10 3.6 3.9-15.4 3.1- 19. I 7.~- 12. 7 

1 All specitications are given as concentration In the ftnal extract. assuming a 20 pL volume. 
2 s = standard deviation u r the concen tration. 
' X ~ average concentration. 
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TABLE 6A. ACCEPTANCE CRITERIA FOR PERFORMANCE TESTS WHEN ONLY TETRA 
COMPOUNDS ARE TESTED 1 

TPR 
Test 

Cone. s X OPR VER 
CDDICDF (ngfmL) (ngfmL) (ngfmL) (ng/ml.) (ng/ml.) 

2.3.7.8-TCDD 10 2.7 8.7-12.4 7.3-14.6 8.2-12.3 
2,3,7.8-TCDF 10 2.0 9.1-13.1 8.0-14.7 8.6-II.G 

"C,-2.3. 7 .8· TCDD 100 35 32-115 25-141 85-117 
13C12-2.3. 7.8-TCDF 100 34 35-99 2G- 126 76 131 
37CI,-2.3. 7 ,8-TCDD 10 3.4 4.5-13.4 3.7-15 8 R.3-12.1 

1 All specifications are given as concentration in the final extract. assuming a 20 ~tL volume. 
2 s: standard deviation of the concentr~tion. 
'X = average conc.entration. 

TABLE 7. LABELED COMPOUND RECOVERY IN SAMPLES WHEN ALL CDDSfCDFS 
ARE TESTED 

Labeled Compound 

Test Cone. Recovery 

Compow1d (ngfmL) (ngfmL) 1 (%) 

"C, -2.3.7 .8-TCDD 100 25-164 25-1f)4 

"'C1r2.3.7 .8-TCDF 100 24 169 21-169 
11 , 0 C 12·1.2,3,7,8-PeCD 100 ZS-181 25- 181 
13C ,-1,2.3. 7.8-PeCDF 100 24-185 24- 185 

"C12-2.3,4.7,8-PeCDF 100 21- 178 21-178 
13C 12-1 ,2,3,4,7 ,8-HxCDD 100 32- 141 32 141 

"C12-1.2.3,6,7,8,-HxCDD 100 28-130 28-130 
13C12-1.2.3.4.7 .8-HxCOF 100 26-152 26- 152 
13C12-1.2.3.6.7 .8-HxCDF 100 26 123 26-123 
13C: 12-1 ,2.3.7 .8 .9-HxCDF 100 2!)-147 29 147 
13C12-2.3.4.6. 7 .8.-HxCDF 100 28-136 28- 136 

"'C12-1.2 .3.4.6.7 .8-IIpCDD 100 23- 140 23- 140 
13C 12-1,2,3,4.6. 7 .8-HpCDF 100 28-143 28- 143 

"C12-1,2.3,4, 7 ,8,9-H pCDF 100 26-138 26-138 
13C12-0CDD 200 34 313 17-157 

:r'Cl,-2.3.7.8-TCDD 10 3.S-19.7 35-197 
1 Specification given as concentration in the final exrratt, assu1ning a 20- pL volume. 
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TABLE 7A. LABELED COMPOUND RECOVERY IN SAMPLES WHEN ONLY TETRA 
COMPOUNDS ARE TESTED 

Compound 
13C,2.2.J.7 .8. i COD 
13Cu·2.3. 7.8-TCDF 
"'CI,·2.3.7,8-TCDD 

Test Cone. 
(ngfmL) 

IOU 
100 

10 

Labeled compound 
recovery 

(nglmL) 1 (%) 

Jl-137 Ji .[J7 
29-140 2!l- 140 

4.2- 16.1 12- 164 
1 Spccillcation given as concentration In tit~ t1tlal extract. assuming a 20 IJL volume. 

TABLE 8. DESCRIPTORS, EXACT MJZ's, M/Z TYPES, AND ELEMENTAL 
COMPOSTTIONS OF THE CDDs AND CDFs 

o~."leri p tor Ex.actMIZ 1 M1Z Type Elemental Composition ~ubstance 2 

292.9825 Lock C, f u PFK 

303.9016 M c,1 H. ""q o TCDF 

305.8987 M+2 C11 H. "q l7C1 0 TCDF 

315.9419 M "C., H, ';q 0 TCUF' 

317.9389 M+2 "C II. 35 q"CI O "· TCDF1 

319.8965 M c., H. "q q TCDD 

321.893G Mt2 C., 1-1, Jsq 37CJ (l 'l'CDD 

327.8847 M c,2 I·I. nq q Tcnn• 
330.9792 QC C, f u PFK 

331.9368 M "C, H, ,. q q TCU[)J 

333.9339 M+2 "C,1 H. "'C~ 31 Cl q TCDD1 

375.8364 M+2 C11 H. "'q "CI 0 HxCDPF. 

2 339.8597 M+2 C,2 H3 Me\ 31 Cl 0 PeCDF 

341.8567 Mt 4 C., 1-1, 'SC~ "q 0 PcCUF 

351.9000 MT2 "C11 1-~ 
35 q " Cl 0 PeCDF 

353.8970 M+4 13C11 H, " q "' q o PeCDF 1 

354.9792 Lock C9 F., PFK 

355.8546 M+2 C,z I~ 35CI "CI q PtCDD 

357.8516 M+4 C12 H, "q "'q Q PeCDD 

367.8919 M+2 '3C12 H, "q" Cl Q PeCDD ' 

369.8919 M+4 "C., H, Jsq "q q 1-'cCUD J 

409.7974 M+2 C, H, 35q 31CI 0 HpCDPE 
;j 373.8208 M+2 C., H, ""q "CI 0 I bcCDF 

375.8178 M+4 Cu H, ''q 31Cl 0 llxCDF 

383.8639 M "C12 H, "q 0 HxCU~ ' 

385.8610 M•2 "Cu I ~ 35q" C1 0 HxCDF 3 

389.8157 M+2 C,2 H, :t:~q "'Cl Q llxCDD 
391.8127 M+1 CIZ H, "q 31q q HxCUU 
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TABLE 8. DESCRIPTORS, EXACT MIZ's, MIZ TYPES, AND ELEMF.NTAL 
COMPOSmONS OF THE COOs AND CDFs 

Descriptor 

4 

5 

Exact MIZ 1 

392.97GO 

401.8559 
403.8529 
430.9729 
445.7555 

407.7818 
409.7789 
417.82:,~ 

419.8220 
423.7766 
425.7737 
430.9729 
435.1l!G9 
437.8140 
479.7165 
441.7428 

442.9728 
443.7399 
457.7377 

459.7348 
469.7779 
471.7750 

513.6775 

Nuclidic masses used: 

MJZType 

Lock 
M+2 

M+4 

QC 
M+4 

M+2 

M+4 

M 
M+2 

M+2 

M+4 
Lock 
M+2 

Mt 4 
M+4 

M+2 

Lock 

M+4 

M+2 
M+4 

M+2 

M+4 
M+4 

H - 1.007R2f> C ; 12.00000 
o = 15.991915 »c1 = 34.9G8853 
TCDD • TetrachJorodibenzo-p-diuxin 
PeCDD Pentachlorodibenzo-p-dtoxtn 
HxCVD • llexachlorodibenw-p-rlinxin 

Elemental Composition 

C, F, 
"C11 H2 

35 q 37 Cl Q 
ale,. H2 3s q 31 q q 
C, F, 
C11 H1 ''q "q 0 

C,1 II lSC~ 31 Cl 0 
C,z H 35q nq 0 
uc., H 3'q 0 

"C12 H"q 31 Cl 0 
C,2 H 3sq 37 Cl <l 
c,, II 3sq 31q q 
C, F, 
uc,1 H 35q n Cl Q 
uc,, H"q 37q Q 

C11 H ""q 31CI 0 
C, 35CI1 

37 Cl 0 
C,0 F11 

ell "C4 3., q o 
c, »c~ 3' c1 q 
c, 3$c~ 31q q 
"c,, "'CI, 31 Cl q 
uc,uc~ 31 q 0, 

C, 35CJ,. "q 0 

13C 13.00:l355 
l1CI - 36.965903 

Substance 1 

PFK 

llxCDD 3 

HxCDD' 
PFK 

OCDPE 

HpCDF 
HpCDF 

HpCDF 3 

HpCDF' 

HpCDD 
HpCDD 
PFK 

HpCDD 3 

HpCDIJ ' 
NCDPE 

OCDF 
PFK 

OCDF 

OCDD 
OCDD 

OCDD 3 

OCDD 3 

DC OPE 

F = 18.998,1 

TCDF • Tetrachlorodibenzofur~u 
PeCDF Pelllachlorodibenzofuran 

HpCDD Hcptachlorodibenzo-p-dtoxln 
HxCDF = llexachlorodibenzufur~n 

HpCDF = Hcptachlorodibenzofuran 

OCDD Octachlorodibenzo-p-dioxln 
HxCDPE = I lexachlorodipheny l ether 
OCDPE Omtchlnmdiphenyl ether 
UCDPE ; Decachlorodipheny l tthel' 

3 1-<~b~<l"cl c.ornpound. 

OCDF - Octachlurodiben?.Ofuran 
HpCDPE = Hcptachlorodlphenyl ether 
!\COPE - Nonachlurudiphenyl ethea 
PFK = Pcrfluorokerosene 

'There is only one mh: foa37 CI,-2,3,7,8,-TCDD (cleanup standard) . 
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TABLE 9. THEORETICAL ION ABUNDANCE RATIOS AND QC LIMITS 

Number of MIZ's Theoretical QC Limit I 

Chlorine Atoms Forming Ratio Ratio Lower Upper 

4' M/ (M+2) 0.77 0.65 

5 (M+2)/(M .. 4) 1.55 1.32 

6 (tvf+2)/(M+4) 1.24 1.05 
6 3 M/(M+2) 0.51 0.43 

7 (M •2)/(M+4) 1.05 0.88 
7. M/ (M+2) 0.44 0.37 

8 (M+2)/(M+1) 0.89 0.76 

1 QC limits rP.prP-~ent ± I S% w indows around the theoretical ion abundance ratios. 
'Does not apply to" Cl,-2.3.7.8-TCDD (d eanup standard). 
3 Used for "C1,-HxCDF only. 
4 Used for " C12-HpCDF only . 

Uttnht.r 1994 

0.89 
!.78 

1.43 
0.59 
1.20 

0.51 
1.02 
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TABLE 10. SUGGESTED SAMPLE QUANTITIES TO BE EXTRACTED FOR 
VARIOUS MATRICES 1 

Sample Matrix ' 

Sit~glc-phasc 

Aqueous 

Solid 

Organic 

Ti!>Sue 

Multi-phase 

LlquicVSolicf 
Aqueous/Solid 

Organic/solid 

Liquld/Liquld 

Example 

Drinking water 
Grou ndwater 
Treated w~tewater· 

Dry soil 
Compost 
Ash 
Waste solvent 
Waste oil 
Organic polymer 

FiSh 
Human adipose 

Wet soil 
Untreated effluent 
Digested municipal sludge 
Filter cake 
Paper pulp 
Industrial slurlgr. 
Oily waste 

AquPous/ organic In-process effiuerH 
UntrP.atcd effluent 
Drum waslt' 

Aqul'OU»I organic/ solld Untreated emuelll 
Onun waste 

Percent 
Solids 

<I 

>20 

<1 

i -30 

I 100 

>I 

Phase 

_, 

Solid 

Organic 

Organic 

Solid 

Both 

Organic 

Organic & solid 

Quantity 
Extracted 

1000 rnL 

lOg 

lOg 

10 g 

10 g 

10 g 

10 g 

1 ' I he quantitlty of sample to be extrActed is adjusted to provide tO g of solid, (dry weight). 
One Iller ur a<pJeous samples containing 1% solids will contain 10 g of solids. For aqueous 
samples containing greater lhRn 1% solids. a lesser volume is used srrtha l 10 g o f solids (dry 
weight) w ill be extracted. 
2 The sarnvle ma 11·ix may be amorphous for some sa.mvles. In general, when the CDDs/CDFs 

arc in contact with a multipha'e systern in which o ne of the phases Is water. th~y will be 
preferentially ui~persed in o r adsorbed on the alternate phase bP.c.~use of their low solu bility 
in water. 
l Aqu~nus samples are filtered after spiking willr I hi:' l~beled compounds. The filtrate and the 
materials trapp~d on the l'iltPI are extracted separately. and the extnu:ts ~n• rn111hinPd !'or 
cleanup and analysts. 
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HCI Digoslion 

Figure 3. Flow Chart lor Analysis ol Tissue Samples 
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Flgllre 4. Said-Phase Extraction Appalatus 
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""""'" 

figUre 5. SoxhleVDean·Sialk Extractor 
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24.0 Glossary of Definitions and Purposes 

These definitions and purposes are s pecific to this method hut have been conformed ro 
common usage as much as possible. 

24.1 Units of weight and Measure and Their Abbreviations 

24.1.1 

24.1.2 

Occob<>r 1994 

Symbols 

·c degrees Celsius 
J.IL microliter 
~1111 micrometer 
< less than 
> greater than 
% percent 

Alphabetical abbreviations 

amp 
em 
g 
h 
ID 
in. 
L 
M 
m 
mg 
min 
mL 
mm 
Tll/'l. 

N 

OD 
pg 
ppb 
ppm 
ppq 
ppt 
psig 
v/v 
v-.t/ v 

ampere 
centimeter 
gfanl 
hour 
inside diameter 
Inch 
liter 
Molecul~r inn 
meter 
milligram 
minute 
ruill iliter 
millimeter 
mass-to-charge ratio 
normal: gram molecular weight of solute divided by hydrogen 
equivalent of solute. per liter of solution 
ourside diameter 
picogram 
part-per-billion 
part-per-million 
part-per-quadrillion 
part-per-trillion 
pounds-per-square inch gauge 
volume per unit volume 
weiglil per unit volume 
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24.2 Defmitions and Acronym~ (in Alphabetical Order} 

84 

Analyte-A COD or CDF le"led for by this method. The analytcs arc listed in Table 1. 

Calibration Standard (CAL}- A solution prepared from a secondary srandard and/or 
s1ock solutions and used to cal!brate the response of the instrumenl wilh respect 10 
analyte concentration. 

Calibration Velificalion Siamlarfl (VER)-The mid-point calibration standard (C$3) that 
is used in to verify callbratlon. See Table 1. 

COD-Chlorinated Dlbenzo-p-Joxtn- The isomers and congene,·s of rerm- through octa
chlorodibenw-p-dioxin. 

CDF-Chlorinated Dibcnwfuran The Isomers and congeners of 1 .. 1r11- ihll)ugh ocra
chlorodlbenzofuran. 

CSl. CS2. CS3. CS4. CS5-See Calibralion standards and Table 4. 

Field Blank An aliquot of reagent waler or other reference matrix that Is placed in a 
sample cunrainer in d1e laboratory or the field. and lre<ilecl as a sample in all respects. 
including exposure to sampling si le conditions, storage. preservation. and all <tnalylical 
procedures. The purpose of the field blank is to derermine if' the tlcld or sample 
trnnsportlng procedures arul P.llvironmcnts have contamlnate.d the s<Om[ll~<. 

CC- Gas chromatograph Cil' gns chromatography. 

GPC- Gel permeation ch..omnrograph or gel permeation chrunratography. 

I IPLC-High perfonnanre liquid chromatograph or high p<'d'ormancc liquid 
•·lrmmatography. 

HRGC lllgh resolution GC. 

HRMS-High n'!solution MS. 

IPR-lnitial precision and recovery: four aliquots or rhe diluted Pi\R standard analyzed 
to establish the ability to genP.rale acceptable precision and accuracy. An IPR is 
p~r'fcwmed prior to the first time this m~tluJ<.I is used and any time the method or 
tnstnnnent~lion is mnrlit1cd. 

K-0 - Kuderna-Danish concentrator: a device used to concenlralfl lhA analyt.cs in a 
solvent. 

Labo1 atory Blank-Sec method blank. 

Laboratory Control sample (LCS)-See ongoing precision and I'P.COvcry standard (OPR}. 

Laboratory Reagent Blank-See method blank. 

May-This <tCtion, activily, or p1or.Pdural step Is neither required nor prohibited 
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May Not-This action, activity. or procedural step Is prohibited. 

Method Blank-An aliquot or reagent water that is trearerl exar.rly ~~~ A ~111ple including 
exposure to all glassware. equipment, solvents, reagents. Internal standards. and 
surrogates rhat are used with samples. The method blank L~ usP.cl rn determine if 
analytes or Interferences are presenr in the laboratory environment the reagents. or the 
apparatus. 

Minimum Level (ML)-The level at which the entire analytical systern muse give a 
recognizable signal and acceptable calilrra rinn point for the analyte. It Is equivalent to 
the concentration of the lowest calibration standard. assuming thar all mer hod-specified 
sample weights. volumes. and deantrp prnr.edures have been employed. 

MS- Mass spectrometer or nra"-~ spectrometry. 

Must This action. activity, or procedural step is required. 

OPR Ongoing precision and recovery standard (OPR): a laboratory blank spiked with 
known quantities or analytes. The OPR i~ analp.ed P.xactly like a sample. Its purpose 
is to assure that the ~'l.rhs produced by the laboratory remain wilhin rhP. limits specified 
in this method for precision and recovery. 

PAR-Precision and recovery starrtiCtrd: ser.nndary standard that Is d iluted and ~piked 
to form the IPR and OPR. 

Pl'K-Perfluorukeros~ne; the mixture of compounds used rn r.alihrmc the exoct m/z scale 
ln the HRMS. 

Preparotion Blank-See rnetlrncl blank. 

Primary Dilution Standard- A solution containing tire specilicd analytes that is 
purchased or prepared from st()(;k <,Oiurions and diluied as needed to prl'parP r;~libration 
solutions and nrher solutions. 

Qu~liry Control Check Sample (QCS)-A ~rrrple containing all or a subset or th~ analytt'S 
at known concentrations. Tile QCS is obtained from a source extemal ro the laboratory 
.. ,. is prepared from a SOlrrce of standHr-rls dillerent from the source of calibrarinn 
standards. It is usP.d to check laboratory perfonna11ce wirh resr materials prepared 
external to the normal preparatiun pr11r.~.~s. 

Reagent Water-Water demonstrated to be free from the analyro;, 11f iur e.rest and 
potentially interfering substanc~ <~1 r l r~ rrrerhod detection limit for the analyte. 

Relative Standard Deviariorr (RSD)-TI1e standard deviation Urnes 100 divided by rlrl:' 
rne.an. Also termed ·coefficient or variation." 

RF Response faetor. See Section I 0 6.1 

RR-Relative re.~ponse. See Section 10.5.2. 

RSD-Sce relative standard deviation. 
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SDS-Soxhlet/Dean-Stark extractor: an extraction device applied to the extraction of solid 
and semi-solid materials (Referenre 7)_ 

Should- This action. activity. or procedural step is suggested but not required. 

SICP Selected ion current prolile: the line described by the signal at an exact m/z. 

SPE Solid-phase extraction: ~~~ e~ t rHr.rion technique in which an ilnalyte Is extracted 
fro111 an aqueou~ sample by passage over or through a rnater·ial C!I)J~ blt< of reversibly 
adsorbing the analyte. Also termed liqu id-solid extraction. 

Stock Solution-A solution cuut~lning an ilnalyte that is prepared using a reference 
m~lerialrraceable to EPA. the National Institute of Science and Technology (NIST). or a 
source that will attest to the purity and authenticity of the reference material 

TCDD- Tetrachlorodihen7n-p-dioxin. 

TCDF-Tetrachlorodibeu/.Ofurnn. 

VER-Sl'P. calibration verification standard. 
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